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EXECUTIVE  SUMMARY 


) 

BACKGROUND 


Seven  pesticides  are  registered  with  the  Environmental  Protection 
Agency  (EPA)  for  control  of  subterranean  termites:  chlordane, 
heptachlor,  aldrin,  dieldrin,  lindane,  pentachloropbenol ,  and 
chlorpyrifos.  Chlordane  is  the  most  widely  used  of  this  group,  and 
heptachlor  the  second  most  widely  used.  Before  1974,  chlordane  and 
aldrin  accounted  for  SS  percent  and  40  percent  of  market  sales, 
respectively.  The  use  of  aldrin  was  drastically  reduced  after  EPA 
cancellation  hearings.  However,  because  of  recent  increases  in  the 
price  of  chlordane,  the  use  of  aldrin  to  control  termites  is 
increasing,  and  it  may  soon  account  for  25  percent  of  the  market. 
Dieldrin  and  lindane,  although  effective  as  termiticides,  have  rarely 
been  used  for  this  purpose.  Pentachloropbenol  is  generally  used  for 
special  applications,  such  as  wood  impregnation,  and  rarely  for 
controlling  subterranean  termites.  Chlorpyrifos  is  a  newer  product 
and  only  recently  has  been  marketed  for  the  control  of  subterranean 
termites. 

Chlordane  has  been  the  pesticide  of  choice  for  termite  control  in 
military  housing.  There  now  are  several  reports  of  the  presence  of 
airborne  chlordane  in  military  housing  long  after  application;  such 
findings  have  caused  concern  over  adverse  health  effects  among 
residents.  The  problem  has  been  related  primarily  to  housing  built  on 
poured  concrete  slabs  with  heating  and  cooling  ducts  in  or  below  the 
slabs.  Contamination  has  occurred  when  the  ducts  cracked  or  when 
exterminators  accidentally  pierced  the  ducts  during  application  of 
chlordane.  As  a  result,  the  Air  Force  in  1978  asked  the  National 
Research  Council's  Committee  on  Toxicology,  in  the  Board  on  Toxicology 
and  Environmental  Health  Hazards,  Commission  on  Life  Sciences,  to 
review  the  toxicity  data  on  chlordane  and  to  suggest  an  airborne 
concentration  that  could  be  used  as  a  guideline  in  deciding  whether 
the  housing  should  be  vacated.  TWo  National  Research  Council 
committees  had  previously  conducted  detailed  reviews  on  chlordane  and 
some  of  the  other  termiticides  (NRC,  1977a, b).  However,  neither  of 
these  studies  involved  an  assessment  of  the  possible  health  risks 
associated  with  airborne  exposure  of  the  termiticides. 

The  Committee  on  Toxicology  (NRC,  1979)  concluded  that  it  "could 
not  determine  a  level  of  exposure  to  chlordane  below  which  there  would 
be  no  biologic  effect  under  conditions  of  prolonged  exposure  of 
families  in  military  housing."  However,  it  did  suggest  an  interim 
airborne  concentration  of  5  yg/m^,  which  was  pragmatically 
determined  on  the  basis  of  known  concentrations  of  chlordane  in  the 
military  housing,  a  review  of  reported  health  complaints  of  residents 
of  contaminated  housing,  and  a  comparison  with  the  acceptable  daily 
intake  derived  from  long-term  animal  feeding  studies.  The  Committee 
also  suggested  that  a  prospective  epidemiologic  study  of  persons 
exposed  to  chlordane  in  military  housing  would  help  substantially  in 
making  a  risk  assessment. 


In  1980,  Che  Comptroller  General  of  Che  Uniced  Stacea  (GAO,  1980) 
recommended  chac  Che  EPA  initiate  a  formal  risk-benefit  review  of 
cblordane  Co  determine  whether  its  registered  uses  for  subsurface 
termite  control  should  be  limited  or  canceled  and  whether  the  health 
of  people  living  in  housing  treated  with  cnlordane  is  being  adversely 
affected.  In  response  to  these  recommendations,  the  EPA  has  initiated 
a  risk-benefit  review  of  all  seven  pesticides  registered  for  control 
of  subterranean  termites. 

Faced  with  recurring  exposures  of  personnel  to  chlordane  in 
military  housing,  the  Department  of  Defense  issued  an  order  in  May 
198U  prohibiting  further  application  of  chlordane  for  buildings  with 
subslab  or  intraslab  ducts.  It  also  recommended  that,  where  the  risk 
and  extent  of  possible  termite  damage  in  existing  structures  are 
considered  unacceptable,  studies  be  undertaken  to  determine  the 
feasibility  of  sealing  subslab  or  intraslab  ducts  and  of  renovating 
heating  and  cooling  systems  to  use  aboveground  and  above-slab  ducts. 

Aa  a  second  step  in  the  review  of  chlordane, ^the  Department  of 
Defense,  through  the  Armed  Forces  Pest  Management'Uoard.Arequested  in 
1981  an  independent  review  of  the  seven  pesticides  by  the  National 
Research  Council's  Committee  on  Toxicology.  Specifically,  the 
Committee  was  asked  to  evaluate  the  key  information  on  the  toxic 
effects  of  the  pesticides;  make  a  comparative  assessment  of  the 
human-health  risks  associated  with  exposure  to  the  pesticides;  review 
the  previously  recommended  exposure  limit  for  airborne  chlordane;  and, 
if  there  are  sufficient  data,  suggest  airborne  exposure  limits  for  the 
other  pesticides.  -I_  ,  v  •  \  T  >.  \  <L'-» )  •  \  '  \  •  > .  >  C  CvV  <■  ,  v 
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HEALTH  EFFECTS  OF  THE  SPECIFIC  PESTICIDES  ’  1  ' 

CYCLODIENES  (CHLORDANE,  HEPTACHLOR,  ALDRIN,  AND  DIELDRIN) 

The  principal  pesticides  used  for  control  of  subterranean  termites  are 
the  chlorinated  cyclodienes— chlordane ,  heptachlor,  aldrin,  and 
dreldria.  These  all  had  widespread  use  as  pesticides  until  the 
mid-1970s,  when  cancellation  hearings  were  held  by  the  EPA.  Their  use 
since  then  has  been  severely  limited,  although  tneir  registration  for 
control  of  termites  was  retained. 

Acute  or  chronic  exposure  of  humans  to  cyclodienes  can  produce 
central  nervous  system  symptoms  characterized  by  headache,  blurred 
vision,  dizziness,  involuntary  muscle  movements,  tremors,  and 
seizures.  Data  on  chronic  exposure  at  low  airborne  concentrations  are 
limited.  A  recent  epidemiologic  study  of  workers  producing  chlordane 
suggested  that  exposure  has  no  long-term  effects.  However,  because  of 
shortcomings  in  the  study  and  the  suggestion  of  a  trend  in  standard 
mortality  ratios  for  deaths  due  to  cancer  in  workers  with  increasing 
length  of  employment,  more  complete  data  are  needed  before  firm 
conclusions  can  be  reached  with  regard  to  the  long-term  human-health 
risks  of  chlordane  and  the  other  cyclodienes. 

All  four  cyclodienes  produced  hepatocellular  carcinomas  in  B6C3F1 
mice;  there  was  not  a  significant  tumorigenic  response  in 
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Osborne-Mendel  rata.  Central  nervous  system  ef fecta--auch  aa 
hyperexcitability,  tremors,  and  convulsions— have  also  occurred  in 
laboratory  animals  ted  the  cyclodiene  termiticides.  The  cyclodienes 
are  deposited  in  the  body  in  fat,  with  biologic  retention  half  lives 
on  the  order  of  days  to  several  weeks. 

Because  these  compounds  are  all  persistent  in  the  environment, 
they  can  oe  effective  as  termiticides  for  up  to  20  yr  after 
application. 

LINDANE 


Lindane  is  the  gamma  isomer  of  hexachlorocyclohexane.  It  has  had 
widespread  application  as  a  pesticide,  but  its  use  has  been  severely 
restricted  in  the  last  several  years.  As  a  termiticide,  it  is 
primarily  sprayed  on  the  soil,  and  it  persists  in  the  environment  for 
approximately  10  yr.  Lindane  has  also  been  used  widely  in  the 
treatment  of  scabies  and  for  louse  infestation. 

In  humans,  ’  indane  exerts  its  toxic  action  on  the  central  nervous 
system.  Signs  of  poisoning  include  tremors,  ataxia,  convulsions,  and 
prostration.  In  severe  cases  of  acute  poisoning,  violent  tonic  and 
clonic  convulsions  have  occurred.  Acute  exposure  of  animals  to 
lindane  has  produced  diarrhea,  hypothermia,  hyperirritability, 
incoordination,  and  convulsions.  Long-term  exposure  has  produced 
nervous  symptoms  and  fatty  degeneration  of  tne  liver.  Results  of 
carcinogenicity  tests  in  rodents  have  not  been  consistent,  with  both 
positive  and  negative  results  reported.  However,  it  appears  that  the 
liver  is  one  of  the  target  organs  after  chronic  exposure. 

PENTACHLOROPHENOL 


Pencachlorophenol  is  a  wood  preservative.  As  a  termiticide,  it  is 
applied  rarely  to  soil,  but  mainly  directly  to  termite-infested  wood. 
It  is  not  as  long-lived  in  the  environment  as  the  cyclodienes;  its 
effectiveness  as  a  termiticide  after  a  single  application  lasts  about 
3  yr. 

Symptoms  of  pentachlorophenol  intoxication  in  humans  include  loss 
of  appetite,  respiratory  difficulties,  anesthesia,  hyperpyrexia, 
sweating,  dyspnea,  and  coma.  Animals  exposed  to  pentachlorophenol  had 
pathologic  changes  in  the  liver  and  kidneys,  in  addition  to  symptoms 
associated  witn  uncoupling  of  oxidative  phosphorylation.  There  was  no 
evidence  of  a  carcinogenic  effect  in  mice  and  rats  given 
pentachlorophenol  orally  for  1-2  yr.  Embryotoxicity  and  fetotoxicity 
have  been  observed  in  offspring  of  rats  given  purified  or  commercial 
pentachlorophenol. 

CHLORPYRIFOS 


Chlorpyrifos  is  an  organophosphate  pesticide  with  a  wide  variety  of 
applications;  only  in  recent  years  has  it  been  used  as  a  subsurface 
termiticide.  Its  effectiveness  in  controlling  termites  after  a  single 
application  lasts  about  4-10  yr. 
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Chlorpyrifos  is  in  a  different  chemical  class  from  the  other 
termiticides  discussed  here,  and  its  toxic  effects  also  differ.  The 
principal  effect  in  humans  and  animals  exposed  for  short  periods  is  a 
reduction  in  plasma  and  red-cell  cholinesterase  activity.  These 
changes  have  occurred  after  oral,  dermal,  and  inhalation  exposure. 

There  is  no  information  on  effects  of  long-term  exposure  of 
humans.  Rats,  mice,  and  dogs  have  been  given  chlorpyrifos  in  the  diet 
for  up  to  2  yr.  At  the  dosages  tested,  the  only  effect  observed  was  a 
decrease  in  cholinesterase  activity. 


CONCLUSIONS  AND  RECOMMENDATIONS 


To  evaluate  the  risks  associated  with  exposure  to  the  seven  pesticides 
that  are  available  for  controlling  subsurface  termites  and  to  assess 
which  of  them,  if  any,  are  most  appropriate  for  use  in  military 
housing  from  the  standpoint  of  health  risks,  the  Committee  has 
considered  several  factors.  These  include  health  effects  themselves 
and  environmental  end  points  that  influence  potential  airborne 
concentrations,  such  as  vapor  pressure,  persistence  in  the 
environment,  and  amount  of  material  that  needs  to  be  applied  for 
optimal  effectiveness. 

COMPARISON  OF  CARCINOGENIC  RISK 


Information  is  insufficient  to  determine  whether  carcinogenesis  is  the 
critical  biologic  end  point  in  humans  exposed  to  these  pesticides,  but 
available  animal  data  allow  some  useful  comparisons  of  carcinogenic 
risk.  The  four  cyclodienes  and  lindane  have  been  tested  for 
carcinogenicity  under  similar  experimental  protocols.  Each  compound 
has  produced  hepatocellular  carcinomas  in  male  mice,  and  this  end 
point  can  be  used  for  comparing  carcinogenicity. 

The  ED}q  (dosage  producing  an  incidence  of  liver  tumors  10 
percent  above  background)  was  calculated  to  make  comparisons.  EDjo 
was  chosen  because  it  is  the  lowest  effective  dosage  chat  can  be 
estimated  with  satisfactory  precision,  owing  to  the  size  of  the 
experimental  groups. 

On  the  basis  of  the  ED^qs,  heptachlor,  aldrin,  and  dieldrin  had 
approximately  the  same  carcinogenic  activity  and  were  more  potent  than 
cnlordane;  lindane  had  about  one-sixth  the  activity  of  chlordane.  The 
calculated  ED^qs  for  dietary  aldrin,  dieldrin,  heptachlor, 
chlordane,  and  lindane  were  3.1,  3.6,  5.0,  16,  and  103  ppm, 
respectively.  The  upper  95  percent  confidence  bounds  on  lifetime 
cancer  risk  expressed  as  the  probability  of  cancer  after  a  lifetime 
consumption  of  1  L  of  water  per  day  containing  the  compound  at  a 
concentration  of  1  yg/L  have  also  been  estimated. 

A  limitation  in  interpreting  the  results  of  the  bioassays  is  that 
the  route  of  exposure  was  the  diet,  whereas  the  primary  route  of 
exposure  of  humans  to  these  pesticides  applied  for  termite  control  is 
inhalation.  However,  given  this  limitation,  and  on  the  basis  of  the 
EDiqb  and  the  upper  confidence  bounds  on  lifetime  cancer  risk,  the 
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ranking  fro'*  . greatest  Co  least  risk  would  be:  aldrin,  dieldria  > 
hepcachlor  >  chlordane  >  lindane. 

The  carcinogenic  potential  of  chlorpyrifos  was  investigated  in 
CD-I  mice;  there  did  not  appear  to  be  any  tumors  related  to 
administration  of  this  pesticide.  Direct  comparison  with  the 
chlorinated  hydrocarbons  is  not  possible,  because  a  different  test 
protocol  and  a  different  strain  of  mice  were  used.  However,  using  the 
highest  dosage  in  the  chlorpyrifos  study,  13.8  ppm,  and  the  same 
experimental  conditions,  one  could  estimate  the  proportion  of  animals 
that  would  be  expected  to  have  tumors  after  exposure  to  the  other 
pesticides.  On  the  basis  of  this  analysis,  chlordane  and  lindane 
would  be  expected  to  yield  negative  results  if  tested  under  the  same 
conditions  as  chlorpyrifos.  Obviously,  one  cannot  predict  from  these 
data  the  carcinogenicity  of  chlorpyrifos  at  higher  dosages. 

Data  on  the  carcinogenicity  of  pentachlorophenol  are  not  adequate 
for  comparisons  with  the  other  termiticides. 

OVERALL  ASSESSMENT  OF  RISKS 


Because  chlordane  is  the  most  widely  used  termiticide  in  military 
housing,  the  Committee  used  it  as  the  reference  material  in  making 
comparisons.  The  four  cyclodiene  termiticides  are  similar  in  overall 
health  risks;  each  exerts  toxic  effects  on  the  central  nervous 
system.  Although  the  data  on  aldrin,  dieldrin,  and  heptachlor  suggest 
a  greater  carcinogenic  risk  than  that  of  chlordane,  the  Consaittee  does 
not  believe  that  these  differences  alone  are  sufficient  to  make  one 
cyclodiene  more  desirable  than  another.  The  effectiveness  of  the 
cyclodienes  as  termiticides  is  fairly  comparable,  and  they  all  persist 
in  the  environment  for  about  20  yr  after  application.  Aldrin  and 
dieldrin  are  less  volatile  than  chlordane.  Therefore,  although 
chlordane  has  a  smaller  carcinogenic  risk,  the  possibility  of  greater 
airborne  concentrations  might  result  in  a  greater  hazard  than  would  be 
expected  from  health  data  alone. 

The  carcinogenic  risk  of  lindane  is  considerably  less  than  that  of 
chlordane  on  the  basis  of  the  mouse  bioassay;  other  biologic  end 
points,  such  as  effects  on  the  central  nervous  system,  do  not  suggest 
that  its  toxicity  differs  from  that  of  chlordane  to  any  great  degree. 
However,  lindane  is  several  times  more  volatile  than  chlordane  and 
would  have  to  be  applied  more  often  to  be  as  effective.  Therefore, 
there  is  a  potential  for  greater  airborne  concentrations. 

Neither  pentachlorophenol  nor  chlorpyrifos  has  been  shown  to  be 
carcinogenic,  although  they  were  not  tested  under  the  same  conditions 
as  the  other  termiticides.  There  are  no  data  on  humans,  but 
pentachlorophenol  has  been  shown  to  be  embryotoxic  and  fetotoxic  in 
rats.  Chlorpyrifos  differs  from  the  other  termiticides  in  being  an 
organophosphate.  Its  toxicity  is  related  primarily  to  effects  on 
cholinesterase  activity.  Although  the  risk  of  chronic  effects  of 
pentachlorophenol  and  chlorpyrifos  may  not  be  as  great  as  that  of 
chlordane,  tnere  is  a  potential  for  acute  effects.  Because  these 
materials  need  to  be  applied  more  often  than  chlordane  to  be  as 
effective,  there  is  a  potential  for  higher  airborne  concentrations, 
which  could  increase  the  likelihood  of  acute  effects. 
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RECOMMENDATIONS 


Guidelines  for  Airborne  Exposure 

The  airborne  exposure  limits  suggested  here  are  intended  to  provide 
guidance  in  estimating  the  health  risks  of  the  pesticides  in  military 
housing.  These  are  not  standards  like  tnose  suggested  by  the 
Occupational  Safety  and  Health  Administration,  and  they  do  not 
guarantee  absolute  safety.  Given  the  available  data  and  the  fact  that 
under  conditions  of  prolonged  exposure  of  families  in  military  housing 
there  may  be  persons,  such  as  young  children,  who  in  general  are  more 
susceptible  to  environmental  insults,  the  Committee  concluded  that  it 
could  not  determine  a  level  of  exposure  to  any  of  the  termiticides 
below  which  there  would  be  no  biologic  effects.  The  exposure  limits 
were  derived  on  the  basis  of  health  considerations  and  reflect  the 
combined  judgment  of  the  Committee  members;  the  feasibility  of 
achieving  the  suggested  airborne  concentrations  was  not  taken  into 
account.  However,  every  effort  should  be  made  to  minimize  exposure  to 
the  greatest  extent  feasible.  In  deciding  which,  if  any,  of  the 
termiticides  are  most  appropriate  for  use  in  military  housing,  one 
should  take  into  account  not  only  the  toxicity  and  suggested  airborne 
exposure  limits,  but  also  other  factors  that  would  influence  the 
extent  of  exposure  and  hazard.  Some  of  these  factors  are  discussed 
briefly  in  this  report;  they  include  vapor  pressure,  persistence  in 
the  environment,  and  amount  of  material  that  needs  to  be  applied.  1 
suggested  guidelines  for  airborne  exposure  should  be  reviewed  again  a, 
soon  as  additional  health-effects  data  become  available. 

Chlordane.  The  Committee  on  Toxicology  in  1979  suggested  an  interim 
guideline  for  airborne  chlordane  in  military  housing  of  5  pg/nP. 

This  was  derived  pragmatically  on  the  basis  of  known  concentrations  of 
chlordane  in  military  housing,  a  review  of  reported  health  complaints, 
and  consideration  of  data  from  long-term  animal-feeding  studies. 

After  an  extensive  review  ot  the  available  literature  on  chlordane, 
and  in  the  absence  of  definitive  information  on  the  health  risks  in 
humans  and  animals  associated  with  various  degrees  of  exposure  to 
airborne  chlordane,  the  Committee  concludes  that  there  are  no  new  data 
that  justify  a  change  in  the  guideline  of  5  ug/n»3  and  suggests  that 
it  continue  to  be  used.  Because  of  the  shortcomings  of  current  data 
and  in  view  of  the  Committee's  request  that  more  definitive  data  be 
developed,  the  airborne  concentration  ot  5  yg/®3  should  be  regarded 
as  an  interim  guideline  for  exposures  not  exceeding  3  yr.  This  3-yr 
period  is  suggested  with  the  expectation  that  it  will  provide  adequate 
time  for  the  needed  health  data  to  begin  developing. 

Heptachlor,  Aldrin,  Dieldrin.  The  best  available  data  for 
quantitatively  comparing  health  risk  are  from  the  National  Cancer 
Institute  (NCI)  mouse  bioassays.  On  the  basis  of  the  EDjqs 
estimated  from  these  tests,  heptachlor  is  approximately  3  times  as 
carcinogenic  and  aldrin  and  dieldrin  5  times  as  carcinogenic  as 
chlordane.  Using  these  data,  the  Committee  suggests  interim 
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guideline*  for  airborne  heptachlor  and  airborne  aldrin/dieldrin  of  2 
and  1  ug/m^,  respectively,  for  exposures  not  exceeding  3  yr. 

Lindane.  Carcinogenicity  data  on  lindane  are  equivocal.  Therefore, 
the  Committee  does  not  believe  that  this  information  should  be  used  as 
a  basis  for  suggesting  a  guideline  for  airborne  exposure  to  lindane 
relative  to  exposure  to  chlordane.  In  the  absence  of  other  data  for 
quantitative  estimation  of  the  risks  of  exposure  to  airborne  lindane 
and  because  lindane  is  not  now  used  to  control  termites  in  military 
housing,  the  Committee  does  not  suggest  a  guideline  for  airborne 
exposure. 

Pentachlorophenol .  Because  of  the  wide  use  of  pentachlorophenol  in 
ways  other  than  as  a  termiticide,  because  it  is  not  now  used  to 
control  termites  in  military  housing,  because  of  its  complex  toxicity, 
and  in  the  absence  of  definitive  data  on  effects  of  long-term  exposure 
to  airborne  pentachlorophenol,  the  Committee  does  not  suggest  a 
guideline  for  airborne  exposure. 

Chlorpyrifos.  The  Committee  on  Toxicology  previously  suggested  a 
guideline  for  airborne  chlorpyrifos  of  100  yg/m^,  applicable  for 
90-d  continuous  exposure  of  Navy  personnel  in  submarines.  That 
guideline  was  oased  on  data  trom  ingestion.  In  the  absence  of  data  on 
effects  of  long-term  exposure  to  airborne  chlorpyrifos,  the  Committee 
concludes  that  the  ingestion  studies  offer  the  best  available 
information  from  which  to  derive  a  guideline.  Because  the  population 
in  military  housing  is  more  heterogeneous  than  that  in  submarines,  the 
Committee  suggests  an  interim  guideline  of  10  yg/m^  for  exposures 
not  exceeding  3  yr. 

Research  Recommendations 


The  Committee  strongly  recommends  that  more  definitive  human-health 
data  be  developed  for  a  fuller  assessment  of  the  risks  of  exposure  to 
these  termiticides.  With  increasing  reports  of  human  exposure  to  some 
of  these  termiticides  in  military  and  civilian  housing,  a  clearer 
understanding  of  the  potential  risks  becomes  even  more  important.  To 
provide  a  stronger  data  base  on  which  to  compare  these  materials  more 
fully,  the  following  research  is  recommended: 

•  Long-Term  Animal-Inhalation  Studies.  The  primary  route  of  human 
exposure  is  inhalation,  and  there  is  a  minimum  of  information  on  such 
exposure.  Differences  between  routes  of  administration  could  modify 
the  relative  or  absolute  risxs  of  these  materials.  Therefore, 
long-term  inhalation  studies  of  the  seven  termiticides  are 
recommended.  Biologic  end  points  to  investigate  in  these  studies 
include  neurotoxicity,  carcinogenicity,  effects  on  blood-forming 
tissues,  and  teratogenic  and  reproductive  effects.  Studies  on  the 
mechanisms  of  carcinogenicity  (particularly  for  the  cyclodienes)  and 
neurotoxicity  of  tnese  termiticides  should  also  be  undertaken.  In 
addition,  the  role  of  metabolism  in  influencing  their  toxic  effects 
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rata  were  fed  a  diet  containing  neptachlor  at  1  or  5  mg/kg  for  3 
generations  (Cerey  £t  ,  1973).  There  were  significant  increases  in 
the  numbers  of  resorbed  fetuses  and  increases  in  the  numbers  of 
abnormal  mitoses  in  the  second  and  third  generations.  A 
dominant-lethal  test  was  also  conducted  in  mice  (Arnold  et  al . , 

1977).  Male  mice  were  given  single  doses  of  a  mixture  of  23  percent 
heptachlor  and  73  percent  heptachlor  epoxide  orally  or 
intraperitoneally  at  7.3  or  13  mg/kg  of  body  weight  and  mated  with 
untreated  females.  There  was  no  effect  on  pregnancy  rates,  early 
deaths,  or  number  of  live  implants  per  female. 


Toxicokinetics 


In  animals,  heptachlor  is  rapidly  oxidized  by  microsomal  enzymes  to 
2,3-heptachlor  epoxide  (Davidow  and  Radomski,  1933).  This  reaction 
also  occurs  in  soils  and  plants  (Gannon  and  Bigger,  1933;  Gannon  and 
Decker,  1933a).  Heptachlor  epoxide  is  more  toxic  than  heptachlor  in 
animals.  Hep'achlor  is  also  hydrolyzed  to  l-hydroxy-4,5,6,7,8,8- 
hexachloro-3a,4, 7 , 7a-tetrahydro-4,5-methanoindene ,  which  is  then 
converted  to  tne  epoxide  (Lu  e£  £l_. ,  1975). 

Heptachlor  accumulates  in  body  fat  as  the  epoxide.  Radomski  and 
Davidow  (1953)  found  that,  when  rats  were  given  heptachlor  at  30  mg/kg 
of  diet,  the  maximal  concentration  of  heptachlor  epoxide  in  fat  was 
reached  in  2-4  wk.  The  concentration  fell  to  zero  12  wk  after 
exposure  ended.  Heptachlor  epoxide  was  found  in  the  adipose  tissue  in 
the  general  population  of  several  countries  (Aboott  £t  al_.,  1972; 
Curley  et  al.,  1973). 


EXISTING  GUIDELINES  AND  STANDARDS 

The  EPA  (1979b)  has  estimated  that  exposure  to  heptachlor  in  drinking 
water  at  0.023  ng/L  would  be  associated  with  a  carcinogenic  risk  of 
10*6. 

The  ACGIH  (1981)  has  recommended  a  TLV-TWA  of  0.5  mg/m^  and  a 
TLV-STEL  of  2.0  mg/m-3.  The  OSHA  (1981)  permissible  workplace 
exposure  limit  is  0.5  mg/rn^.  Both  agencies  noted  that  heptachlor  is 
absorbed  through  the  skin  and  that  dermal  exposure  should  therefore  be 
avoided. 
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Heptachlor  was  administered  daily  to  sheep,  pigs,  and  rats  at  2 
and  5  mg/kg  of  body  weight  for  78-86  d  (Kacew  e_t  a^. ,  1973).  The 
authors  reported  hepatic  necrosis  in  all  three  species,  with  rats  the 
most  sensitive. 

Chronic  Exposure  and  Carcinogenicity 

The  carcinogenicity  data  on  heptachlor  have  been  extensively  reviewed 
elsewhere  (Epstein,  1976;  NRC,  1977a, b;  IARC,  1979).  Unpublished 
studies  of  Kettering  Laboratories  have  been  reported  by  Epstein 
(1976).  Heptachlor  of  unspecified  purity  was  given  to  CF  rats  at  1.3, 
3,  5,  7,  and  10  mg/Kg  of  diet  for  100  wk.  Tumors  were  observed  in 
both  controls  and  test  groups.  Statistical  analysis  by  Epstein  (1976) 
showed  a  significant  increase  in  multiple-site  tumors  in  females  at  3, 
7,  and  10  mg/kg.  NCI  (1977b)  has  reported  the  results  of  a  bioassay 
of  technical-grade  heptachlor  (72  percent  heptachlor,  18  percent 
trans-chlordane,  2  percent  cis-chlordane,  and  2  percent  nonachlor)  in 
Osbome-Mendel  rats.  Groups  of  30  rats  of  each  sex  were  given 
heptachlor  in  the  diet  for  80  wk  (38.9  and  77.9  ppm  for  males  and  23.7 
and  31.3  ppm  for  females).  No  hepatic  tumors  were  observed. 

Epstein  (1976)  also  reviewed  unpublished  studies  on  the 
carcinogenicity  of  heptachlor  in  mice.  In  one  study,  C3H  mice  were 
given  heptachlor  at  10  mg/ kg  of  diet  for  2  yr.  The  original  report 
concluded  that  heptachlor  increased  the  incidence  of  benign  hepatomas, 
but  not  malignant  tumors,  compared  with  controls.  After  histologic 
reevaluation  (Epstein,  1976),  it  was  concluded  that  there  was  a 
significant  increase  in  hepatic  carcinomas,  compared  with  controls. 

In  a  second  study  reviewed  by  Epstein  (1976),  CD-I  mice  were  fed  a 
mixture  of  75  percent  heptachlor  epoxide  and  25  percent  heptachlor  at 
1,  5,  and  10  mg/kg  of  diet  for  18  mo.  There  was  a  significant 
increase  in  hepatic  carcinomas  in  males  and  females  at  10  mg/kg  and  in 
males  at  5  mg/kg.  NCI  (1977b)  investigated  the  carcinogenic  potential 
of  technical-grade  heptachlor  in  B6C3F1  mice.  Groups  of  50  mice  of 
each  sex  were  given  heptachlor  in  the  diet  for  80  wk  (6.1  and  13.8  ppm 
for  males  and  9  and  18  ppm  for  females) .  There  was  a  highly 
significant  dose-related  increase  in  hepatocellular  carcinomas. 

Teratogenicity  and  Reproductive  Effects 

Heptachlor  given  to  rats  in  the  diet  at  6  mg/kg  body  weight  on  an 
unspecified  schedule  caused  a  decrease  in  litter  size  in  a 
multigeneration  study  (Mestitzova,  1967).  Cataracts  were  observed  in 
the  parents  and  of fspring--in  the  latter  group,  soon  after  they  opened 
their  eyes.  Results  of  liver-  and  kidney-function  tests  were  normal 
in  all  test  groups. 

Mutagenicity 

Heptachlor  was  not  mutagenic  when  tested  in  several  strains  of 
Salmonel 1  a  ty phimurium  with  or  without  a  rat-liver  microsomal 
activation  system  (Marshall  e£  al_.  ,  1976).  In  a  dominant-lethal  test, 
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HEPTACHLOR 


BACKGROUND  INFORMATION 


Heptachlor,  a  chlorinated  cyclodiene,  is  a  white  to  light  tan,  waxy 
solid,  which  is  available  as  a  dust,  dust  concentrate,  emulsifiable 
concentrate,  wettable  powder,  and  oil  solution.  Technical-grade 
heptachlor  is  approximately  73  percent  heptachlor  and  28  percent 
trans-chlordane  and  related  compounds.  It  is  a  broad-spectrum 
insecticide  that  in  the  past  was  registered  for  use  on  22  crops. 

After  cancellation  hearings  held  by  the  ERA  in  1978,  heptachlor's  uses 
were  restricted  to  corn  cutworms,  some  seed  treatments,  some  crops, 
and  termite  control.  It  is  expected  that  by  1983  subterranean  termite 
control  will  be  the  only  use  of  heptachlor  (Dover  e£  al . ,  1981). 
Approximately  1-2  million  pounds  of  heptachlor  are  produced  annually. 
Whereas  about  25  percent  of  that  produced  was  for  termite  control  in 
1974,  nearly  90  percent  was  for  termite  control  in  1980. 

The  physical  and  chemical  properties  of  heptachlor  are  shown  in 
Table  1. 


SUMMARY  OF  TOXICITY  INFORMATION 

Several  comprehensive  reviews  of  heptachlor  are  available  (NRC, 
1977a, b;  IARC,  1974,  1979;  EPA,  1979b). 

EFFECTS  IN  HUMANS 


There  are  very  few  reports  on  effects  of  human  exposure  to 
heptachlor.  Symptoms  of  poisoning  with  heptachlor  would  be  expected 
to  be  similar  to  those  with  other  cyclodienes  and  to  include  headache, 
dizziness,  incoordination,  tremors,  and  seizures.  These  effects  could 
occur  from  oral,  dermal,  or  respiratory  exposure.  Reports  of 
occupational  exposure  to  chlordane  (Wang  and  MacMahon,  1979;  Shindell 
and  Associates,  1980)  included  exposure  to  heptachlor.  These  are 
described  in  the  section  of  this  report  on  chlordane. 

EFFECTS  IN  ANIMALS 


Acute  and  Short-Term  Exposure 


The  oral  LD50  values  of  heptacnlor  have  been  reported  to  be  100  and 
162  mg/kg  for  male  and  female  rats,  respectively  (Gaines,  1969).  The 
dermal  LD5Q8  are  195  and  250  mg/kg  for  male  and  female  rats, 
respectively.  Truhaut  e£  a_l_.  (1974)  reported  that  the  oral  LDjys  of 
heptachlor  were  105  mg/kg  for  rats  and  100  mg/kg  for  hamsters. 
Heptachlor  is  converted  Ln  vivo  by  microsomal  oxidation  to  heptachlor 
epoxide,  a  more  toxic  compound.  The  oral  LD50  of  heptachlor  epoxide 
for  rats  is  62  mg/kg  (Sperling  and  Ewinike,  1969). 


1975b)  did  not  include  a  limit,  in  view  of  the  cancellation 
proceedings  under  tne  Federal  Insecticide,  Fungicide,  and  Rodenticide 
Act.  In  1979,  EPA  (1979a)  estimated  that  exposure  of  chlordane  in 
drinking  water  at  0.12  ng/L  would  result  in  a  lifetime  cancer  risk  of 
10~6.  Canada  nas  established  a  tentative  maximal  permissible  limit 
for  chlordane  of  3  yg/L,  applicable  to  raw-water  supplies  (EPA,  1979a) 
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and  Dorougn  (1974)  tentatively  identified  aeveral  hydroxylated 
metabolites  of  chlordane,  including  oxychlordane,  in  rat  excreta  and 
concluded  that  the  metabolism  of  chlordane  talces  place  via  a  series  of 
oxidative  enzyme  reactions. 

Tashiro  and  Matsumura  (1977)  attempted  to  isolate  and  identify 
positively  the  metabolic  products  from  chlordane  to  establish  the 
route  of  its  metabolism.  The  major  route  of  metabolism  for  both 
cis-chlordane  and  trans-chlordane  is  via  dichlorochlordene  and 
oxychlordane.  These  metabolic  intermediates  are  further  converted  to 
two  key  metabolites,  l-exo-hydroxy-2-chlorochlordene  and 
l-exo-hydroxy-2-endo-chloro-2,3-exo-epoxychlordene>  which  are  readily 
degraded  further,  trans- Chlordane  is  more  readily  metabolized  through 
this  route.  There  is  yet  another  major  metabolic  route  for 
cis-chlordane,  which  involves  a  more  direct  hydroxylation  reaction  to 
form  1-exo-hydroxy-dihydrocnlordenes  and  1 ,2-trana-dihydroxy-dihydro- 
chlordene.  cis- Chlordane  is  more  readily  degraded  through  this  latter 
route.  As  judged  by  a  toxicity  test  on  mosquitoe  larvae,  none  of  the 
metabolic  end  products  appears  to  be  more  toxic  than  the  original 
chlordane  or  tne  intermediates. 

Most  chlordane  is  excreted  in  Che  feces  of  rata.  Only  about  6 
percent  of  the  total  intake  is  voided  in  the  urine.  Rabbits,  however, 
provide  a  different  pattern.  Urinary  elimination  of  chlordane  in 
rabbits  is  greater  chan  excretion  in  the  feces.  This  suggests  that 
the  conjugative  metabolic  system  is  more  efficient  in  rabbits  than  in 
rats.  The  patterns  of  excretion  after  inhalation  of  chlordane  by  rats 
follow  the  patterns  reported  for  oral  administration  (Nye  and  Dorough, 
1976). 

Human  half-life  data  were  obtained  when  chlordane  was  accidentally 
ingested  by  a  young  boy  (Curley  and  Garrettson,  1969).  A  whole-body 
half-life  of  21  d  was  calculated — long  for  a  drug  used  in  therapy,  but 
quite  short  for  a  chlorinated  insecticide.  Barnett  and  Dorough  (1974) 
obtained  a  half-life  of  about  23  d  in  studies  with  rats  fed  chlordane 
for  36  d.  The  serum  half-life  of  chlordane  in  a  young  girl  was  found 
to  be  88  d  Dy  Aldrich  and  Holmes  (1969). 


EXISTING  GUIDELINES  AND STANDARDS 


The  American  Conference  of  Governmental  Industrial  Hygienists  (1981) 
has  adopted  a  threshold  limit  value-time  weighted  average  (TLV-TWA)  of 
0.5  mg/m^  for  chlordane  in  workroom  air.  The  short-term  exposure 
limit  (15  min)  was  set  at  2  mg/m^.  The  Occupational  Safety  and 
Health  Administration  (1981)  permissible  workplace  exposure  limit  is 
0.5  mg/m3.  Both  agencies  noted  that  chlordane  is  absorbed  through 
the  skin  and  that  dermal  exposure  should  therefore  be  avoided.  The 
Coasnittee  on  Toxicology  (NRC ,  1979)  suggested  an  interim  guideline  for 
airborne  chlordane  in  military  housing  of  5  ug/m3. 

An  acceptable  daily  dose  for  man  has  been  estimated  to  be  0.001 
mg/kg  body  weight  (WHO/FAO,  1968).  Although  a  limit  of  3  pg/L  was 
originally  suggested  for  chlordane  under  the  proposed  Interim  Primary 
Drinking  Water  Standards  (EPA,  1975a),  the  final  EPA  regulations  (EPA, 
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respectively,  at  the  higher  dosage.  Hepatocellular  carcinoma 
incidences  were  3/33,  3/55,  41/52,  and  32/39  for  males  and  0/45,  0/61, 
32/50,  and  26/37  for  females  at  the  four  dosages  noted  above, 
respectively. 

Teratogenicity  and  Reproductive  Effects 

In  the  study  of  Ingle  (1952)  described  earlier,  1  female  rat  from  each 
of  the  test  groups  (chlordane  in  the  diet  at  0,  5,  10,  30,  150,  or  300 
ppm)  was  mated  in  the  twenty-fourth  or  forty-eighth  week.  The  author 
reported  that  there  was  no  effect  on  litter  number  or  size. 

Mutagenicity 

Pure  and  technical  chlordane  has  been  tested  for  mutagenicity  in  the 
Salmonella/microsome  assay,  in  other  microbial  assays,  and  in  the 
dominant- lethal  test  (mouse).  The  pure  compound  was  negative  in  all 
these  test  systems,  but  technical  chlordane  was  mutagenic  in 
Salmonella  without  manmalian  activating  enzymes  (Simmon  et  al . , 

197777  The  mutagenicity  of  technical  chlordane  in  this  test  system 
may  have  been  due  to  a  chemical  impurity. 

Ahmed  e£  aK  (1977)  tested  chlordane  for  mutagenicity  in  an  assay 
based  on  tbe  induction  of  ouabain  resistance  m  mutant  Chinese  hamster 
V79  cells.  A  dose  of  chlordane  that  killed  55  percent  of  the  cells 
induced  mutations  at  a  frequency  of  27  per  million  surviving  cells;  in 
solvent  controls,  there  was  a  93  percent  survival  rate  with  2 
mutations  per  million  survivors.  Whether  chlordane  increased  mutation 
frequency  at  concentrations  that  were  not  lethal  to  the  test  cells  was 
not  reported. 

When  chlordane  was  administered  in  a  single  dose  at  50  or  100 
mg/kg  of  body  weight  to  Charles  River  CD-I  male  mice  that  were  later 
mated  to  uncreated  females,  no  dominant  lethal  effects  were  noted  in 
the  offspring  (Arnold  et  al . ,  1977). 

Toxicokinetics 


c is- Chlordane  and  trans-chlordane  are  the  primary  components  of  the 
insecticide.  Both  are  stable  when  held  under  ambient  conditions  or 
mixed  with  the  feed  of  experimental  animals.  A  single  oral  dose  of 
chlordane  administered  to  rats  resulted  in  approximately  6  percent 
absorption  (Barnett  and  Dorough,  1974).  Small  daily  doses  result  in 
greater  absorption — 10-15  percent.  Feeding  the  pure  cis  and  trans 
isomers  separately  indicates  that  Che  c is  isomer  is  more  effectively 
eliminated  from  the  rats  than  the  trans  isomer.  Although  the 
difference  is  not  large,  the  data  indicate  that,  with  long-term 
exposure,  trans-chlordane  would  contribute  more  to  the  body  burden  of 
the  exposed  animals  than  would  c is-chlordane. 

Polen  et  £lL.  (1971)  and  Street  and  Blau  (1972)  found  oxychlordane 
to  be  a  primary  mammalian  metabolite  of  chlordane  and  Co  persist  in 
adipose  tissue.  Street  and  Blau  (1972)  observed  that  the  toxicity  of 
oxychlordane  was  greater  than  that  of  the  parent  compound.  Barnett 
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intraperitoneal  administration  of  chlordane  at  2  or  5  mg/kg  for  7  d 
reduced  the  uterotropic  action  of  tritiated  estrone  and  the 
concentration  of  tritiated  eatrogen  in  the  uterus.  The  total-body 
metabolism  of  tritiated  estrogen  was  increased  in  rats  pretreated 
daily  with  intraperitoneal  chlordane  at  10  or  SO  mg/kg  for  7  d. 

Bus  til  and  e£  aK  (1948)  applied  chlordane  as  a  1.3  percent  spray  to 
cattle  and  hogs  and  as  a  dip  to  sheep  and  goats.  The  material  was 
also  sponged  onto  horses.  The  treatments  were  applied  eight  times  at 
4-h  intervals,  and  observations  were  continued  for  30  d  after 
treatment.  The  principal  signs  of  toxicity  of  chlordane  were 
neurologic;  the  chief  pathologic  changes  were  enlarged  and  fatty 
livers  and  subseroaal  hemorrhages. 

Chronic  Exposure  and  Carcinogenicity 

Lehman  (1952)  reported  studies  in  which  chlordane  was  administered  to 
rats  in  the  diet  at  2.5,  25,  or  75  ppm  for  104  wk.  At  75  ppm,  gross 
effects  were  reported,  including  appetite  loss,  growth  retardation, 
and  unspecified  signs  of  poisoning.  Microscopic  changes  in  the  liver 
were  reported  at  25  and  2.5  ppm. 

Ingle  (1952)  reported  a  study  in  which  rats  were  given  chlordane 
in  the  diet  at  5,  10,  30,  150,  or  300  ppm  for  104  wk. 
Hyperexcitability,  tremors,  and  convulsions  were  seen  in  rats  exposed 
at  300  ppm  by  Che  twelfth  week  and  at  150  ppm  by  the  twenty-sixth 
week.  Tremors  were  seen  in  some  rats  exposed  at  30  ppm  by  about  the 
eightieth  week.  Growth  retardation  and  liver  and  kidney  damage  were 
reported  at  the  two  highest  dosages.  Only  one  male  rat  exposed  at  the 
highest  dosage  survived  to  the  end  of  the  experiment.  There  was  a 
significant  increase  in  mortality  in  the  group  exposed  at  150  ppm, 
compared  with  controls,  by  the  forty-eighth  week;  no  differences  were 
seen  in  Che  rats  exposed  at  5,  10,  or  30  ppm. 

The  carcinogenicity  data  on  chlordane  have  been  extensively 
reviewed  (Epstein,  1976;  NRC  1977a, b;  IARC,  1979).  Chlordane  was 
evaluated  for  carcinogenicity  by  the  National  Cancer  Institute  (1977a) 
and  found  Co  be  carcinogenic  in  B6C3F1  mice,  with  a  high  incidence  of 
hepatocellular  carcinoma.  In  this  study,  chlordane  was  given  in  Che 
diet  to  groups  of  50  B6C3F1  mice  (at  30  and  56  ppm  for  males  and  30 
and  64  ppm  for  females)  and  50  Osborne-Mendel  rats  (at  204  and  407  ppm 
for  males  and  121  and  242  ppm  for  females)  for  80  wk.  There  were 
dose-related  increases  in  hepatocellular  carcinomas  in  mice  given 
chlordane — highly  significant,  compared  with  controls,  at  che  nigh 
dosages  and  significant  only  for  male  mice,  compared  with  pooled 
controls,  at  the  lower  dosage.  In  contrast  with  the  findings  in  mice, 
hepatocellular  carcinoma  failed  to  appear  at  a  significant  incidence 
in  rats  given  chlordane.  It  was  concluded  that,  under  the  conditions 
of  the  bioassay,  chlordane  is  carcinogenic  for  the  liver  of  mice. 

Epstein  (1976)  reported  a  study  of  technical  chlordane  fed  to  CD-I 
mice  for  18  mo,  in  which  27-86  percent  of  the  test  animals  died. 
Animals  received  diets  containing  technical  chlordane  at  0,  5,  25,  or 
50  mg/kg  of  body  weight;  mortality  at  18  mo  was  27-49  percent  at  the 
lower  dosages  and  76  percent  and  86  percent  for  females  and  males, 
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EFFECTS  IN  ANIMALS 


Acute  and  Short-Term  Exposure 

The  oral  LU50  of  chordane  for  rats  was  335  mg/kg  of  body  weight  for 
nales  and  430  mg/kg  for  females,  and  the  dermal  LD50  for  rats  was 
840  mg/kg  for  males  and  690  mg/kg  for  females  (Gaines  1969). 

Chlordane  toxicity  was  characterized  by  central  nervous  system 
stimulation.  Truhaut  et  al .  (1974)  reported  that  the  oral  LD50S  of 
chlordane  were  350  mg/kg  for  rats  and  1,720  mg/kg  for  hamsters;  200 
mg/kg  was  not  lethal  to  10  rats,  nor  was  1,200  mg/ kg  lethal  to  10 
hamsters.  Toxicity  was  characterized  by  liver  enlargement  and 
congestion  of  the  liver  and  kidneys. 

There  are  only  a  few  investigations  of  the  acute  inhalation 
toxicity  of  chlordane.  Frings  and  0'Touaa  (1950)  exposed  60  female 
mice  to  airborne  chlordane;  16  for  up  to  16  wk  at  an  airborne 
concentration  estimated  to  be  25-50  percent  of  saturation  and  the 
remainder  for  up  to  4  d  to  air  saturated  with  chlordane.  The 
chlordane  was  described  as  being  60-75  percent  chlordane  and  25-40 
percent  unspecified  related  compounds.  In  the  first  group,  there  was 
loss  of  activity  and  muscle  coordination  within  a  few  weeks.  Liver 
damage  was  observed  after  6  wk,  and  all  mice  had  died  by  16  wk.  In 
the  other  group,  most  mice  died  within  4  d  and  the  remainder  in  the 
next  10  d. 

Ingle  (1953)  also  investigated  the  effects  of  chlordane  vapor. 
Twenty  mice  each  were  continuously  exposed  for  14  d  to  air  saturated 
with  chlordane.  Pure  and  tecnnical-grade  chlordane  were  used,  which 
were  obtained  from  a  source  different  from  that  reported  by  Frings  and 
0'Tousa  (1950).  Ingle  (1953)  observed  no  deaths  and  no  effects  on  the 
liver  or  central  nervous  system.  When  hexachlorocyclopentadiene  was 
added  to  the  chlordane,  there  were  toxic  effects  on  the  liver  and  CNS 
and  fatalities.  Ingle  (1953)  speculated  that  the  toxicity  reported  by 
Frings  and  0'Tousa  (1950)  may  have  been  caused  by  chlordane 
contaminated  with  hexachlorocyclopentadiene. 

Ambrose  e£  aK  (1953)  investigated  cumulative  effects  of  chlordane 
at  daily  doses  of  6.25,  12.5,  25,  50,  100,  or  200  mg/kg  administered 
to  albino  rats  by  gastric  intubation  for  15  d.  Six  groups  of  five 
rats  each  were  given  the  compound  in  cottonseed  oil.  Rats  given 
chlordane  at  25  mg/kg  or  less  in  15  daily  doses  showed  no  toxic 
reactions  with  respect  to  the  characteristics  evaluated — tremors, 
convulsions,  and  death.  However,  the  investigators  stated  that  the 
adverse  effect  of  chlordane  was  noted  on  histologic  examination  of 
liver  at  all  dosages.  The  effect  consisted  of  the  presence  of 
abnormal  intracytoplasmic  bodies  in  the  liver  cells.  These  bodies 
ranged  in  size  from  small  ring-like  structures  to  large  rings  or 
skeins  of  eosinophilic  hyaline  material  larger  than  the  nuclei  of  the 
cells.  The  investigators  further  stated  that  there  was  a  positive 
correlation  between  the  oral  dosage  and  the  number  and  size  of  the 
liver-cell  inclusions. 

The  effects  of  chlordane  on  the  metabolism  of  estrogens  in  rats 
and  mice  have  been  studied  by  Welch  et  al .  (1971).  Daily 
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advantageous  to  compare  production  worker*  with  nonproduction  workers 
whose  exposure  to  chlordane  was  minimal. 

There  was  a  statistically  significant  positive  trend  in  standard 
mortality  ratios  for  cancer  deaths  (Table  3)  in  workers  with 
increasing  duration  of  employment.  On  the  basis  of  the  nonparametric 
randomized  trend  test,  the  statistical  significance  for  these  data  is 
£  0.0083  (one-sided)  and  £  <_  0.0167  (two-sided).  However,  the 

increase  in  the  standard  mortality  ratios  from  one  to  20  yr  of 
exposure  was  not  large.  Also,  these  £  values  must  be  interpreted  in 
light  of  the  fact  that  a  large  array  of  data  are  presented  (which 
increases  the  opportunity  to  find  unusual  permutations);  and  the 
actual  increase  in  standard  mortality  ratios  may  be  due  to  changes  in 
the  healthy-worker  bias  with  age,  duration  of  employment,  calendar 
year,  etc.  The  findings  on  morbidity  were  entirely  descriptive,  and 
the  authors  described  them  as  "unremarkable."  The  good  health  index 
of  73  percent  among  plant  workers  was  compared  with  that  of  about  66 
percent  found  in  previous  studies. 

Two  additional  features  would  have  been  desirable  in  this  study 
(Shindell  and  Associates,  1980).  First,  measurements  of  extent  of 
exposure  presumably  were  not  made;  it  may  be  assumed  that  some 
workers— plant  operators,  engineers,  and  maintenance  workers— were 
more  heavily  exposed  than  white-collar  workers.  Second,  providing 
data  on  distributions  of  the  number  of  years  of  employment  and  on  the 
year  of  hiring  would  increase  knowledge  of  the  numbers  of  persons 
"exposed"  for  various  durations  and  the  time  since  first  exposure. 

The  authors  (Shindell  and  Associates,  1980)  concluded  that  there 
was  no  evidence  to  indicate  that  current  or  past  workers  at  Velsicol 
are  at  an  increased  risk  for  health  related  problems.  However,  the 
suggestion  of  a  trend  in  cancer  deaths  with  duration  of  employment 
indicates  that  more  complete  data  are  needed  before  firm  conclusions 
can  be  reached  with  regard  to  the  carcinogenicity  of  chlordane  in 
humans. 

Public  Water  Contamination 

Harrington  e£  al^.  (1978)  reported  that  a  section  of  the  public  water 
system  of  Chattanooga,  Tennessee,  supplying  105  people  in  42  houses, 
was  contaminated  with  chlordane  on  March  24,  1976.  Chlordane 
concentrations  in  the  tap  water  of  affected  houses  ranged  from  less 
than  0.1  to  92,500  ppb.  In  23  houses,  the  concentration  exceeded  100 
ppb;  11  of  these  had  concentrations  greater  than  1,000  ppb.  In  a 
door-to-door  survey  of  71  residents  affected,  13  (18  percent)  had 
symptoms  compatible  with  mild  acute  chlordane  toxicity, 
gastrointestinal  symptoms  (nausea,  vomiting,  or  abdominal  pain),  and 
neurologic  symptoms  (dizziness,  blurred  vision,  irritability, 
headache,  paresthesia,  or  muscle  dysfunction).  None  was  hospitalized 
and  all  recovered  within  48  h  after  exposure  with  no  apparent  chronic 
damage. 
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Alvarez  and  Hyman  (1953)  reported  a  clinical  and  laboratory  study 
of  24  men  21-49  yr  old  who  were  exposed  to  chlordane  for  2  mo  to  5  yr 
while  working  in  a  plant  where  it  was  manufactured.  Each  man  was 
given  a  complete  examination,  including  blood  chemistry  and  urine 
studies.  One  person  with  diabetes  and  two  with  essential  hypertension 
were  found,  but  their  diseases  were  felt  to  be  incidental  findings. 
Seven  men  were  found  to  have  slight  fibrotic  changes  in  the  apices  of 
the  lungs.  It  was  believed  that  these  lung  findings  were  not  related 
to  the  chlordane  exposure.  None  of  the  24  men  had  evidence  of 
abnormalities  in  liver,  kidneys,  skin,  nervous  system,  and 
blood-forming  organs. 

Fifteen  workers  exposed  to  airborne  chlordane  at  0.0012-0.0017 
mg/m3  over  periods  of  1-15  yr  showed  no  evidence  of  toxic  effects 
(Fishbein  e t  al . ,  1964).  Liver-function  tests  were  normal  in  all 
instances,  and  there  were  no  manifestations  of  nervous  system 
disturbances  or  gastrointestinal  or  kidney  disorders. 

Repeated  topical  exposures  to  chlordane  for  over  a  year  produced 
seizures,  elec troencephalo graphic  dysrhythmia,  convulsions,  and 
twitching  in  a  47-yr-old  nurseryman;  these  symptoms  ceased  when 
chlordane  exposure  was  stopped  (Barnes,  1967). 

Wang  and  MacMahon  (1979)  studied  a  cohort  of  workers  employed  in 
the  manufacture  of  chlordane  and  heptachlor  at  either  of  two  locations 
between  1946  and  1976.  Data  obtained  from  death  records,  social 
security  records,  and  employment  nistory  of  1,403  workers  employed  for 
longer  than  3  mo  in  the  production  of  the  two  compounds  indicated  no 
overall  excess  of  deaths  from  cancer.  While  there  were  fewer  deaths 
than  expected  overall  for  diseases  of  the  circulatory  system,  there 
was  a  statistically  significant  excess  of  deaths  from  cerebrovascular 
disease  (17  observed  vs.  9.3  expected).  These  deaths  all  occurred 
after  termination  of  employment  and  were  not  related  to  duration  of 
exposure.  Further  study  is  needed  to  clarify  the  relationship  between 
cerebrovascular  disease  and  exposure  to  these  cyclodienes. 

Shindell  and  Associates  (1980)  extended  the  previous  study  and 
reported  on  all  former  and  current  employees  with  3  mo  or  more  of 
employment  at  tne  Marshall,  Illinois,  plant  of  Velsicol  Chemical 
Corporation  between  1946  (when  the  manufacture  of  chlordane  began)  and 
the  study  cutoff  date  of  June  30,  1976.  The  conort  from  the  Marshall 
plant  totaled  783  persons:  689  white  men,  10  nonwhite  men,  and  84 
women.  In  only  20  cases  could  it  not  be  confirmed  whether  the  person 
was  still  alive  (classified  as  "status  unknown").  Most  of  the 
analyses  in  the  report  are  based  on  a  comparison  of  the  workers' 
health  with  the  health  of  comparable  segments  of  the  U.S.  population. 
Table  2  summarizes  the  causes  of  death  in  Velsicol  workers  with 
various  periods  of  employment,  compared  with  those  in  the  U.S. 
population,  and  Table  3  presents  the  standard  mortality  ratios  in 
Velsicol  workers  by  major  cause  of  death  and  period  of  employment. 

The  study  concluded  that  the  mortality  of  these  workers  was  not 
significantly  higher  than  expected.  The  "healthy-vorker"  bias  could 
be  a  problem  here,  inasmuch  as  the  observed  numbers  of  deaths  are 
markedly  lower  than  the  expected  numbers  based  on  the  U.S. 
population.  Because  of  this  potential  bias,  it  would  have  been 
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EFFECTS  IN  HUMANS 


Case  Histories 

Several  incidents  involving  accidental  poisonings  with  chlordane  have 
been  reported.  It  is  sometimes  difficult  to  isolate  the  effects  of 
chlordane  from  those  of  other  factors. 

Aldrich  and  Holmes  (1969)  reported  a  case  of  chlordane  ingestion 
in  a  4-yr-old  girl  that  resulted  in  intermittent  clonic  convulsions, 
loss  of  coordination,  and  increased  excitability.  Spontaneous 
vomiting  was  not  reported.  The  use  of  gastric  lavage  and  parenteral 
phenobarbital  was  followed  by  disappearance  of  these  neurologic  signs 
and  restoration  of  health.  No  residual  manifestations  were  observed 
24  h  after  the  acute  illness.  Serum  half-life  was  found  to  be  88  d. 

Curley  and  Garrettson  (1969)  reported  an  accidental  ingestion  of 
an  unknown  quantity  of  chlordane  by  a  20-mo-old  boy.  Clinical 
features  included  vomiting  and  short  interrupted  seizures  on 
admittance  to  the  hospital.  Results  of  liver-function  tests  and 
electroencephalographic  and  electrocardiographic  tests  were  within 
normal  limits  24  h  after  ingestion.  Blood  and  fat  samples  were 
analyzed  for  cnlordane  and  contained  0.27  mg/100  ml  and  3.1  mg/kg  of 
body  weight,  respectively.  Serum  alkaline  phosphatase  content  was 
increased  after  3  mo  of  observation. 

Infante  £t  al .  (1978)  reported  a  series  of  cases  in  children  seen 
at  a  single  pediatric  hospital.  Of  14  children  diagnosed  as  having 
neuroblastoma  between  December  1974  and  February  1976,  five  were  known 
to  have  been  exposed  to  chlordane  during  prenatal  and  postnatal 
development;  the  remaining  nine  had  unknown  chemical-exposure 
histories.  Three  cases  of  aplastic  anemia  and  three  cases  of  acute 
leukemia  associated  with  chlordane  exposure  were  diagnosed  in  the  same 
period.  The  five  patients  with  neuroblastoma  and  chlordane  exposure 
were  32  mo  to  6  yr  old  at  the  time  of  diagnosis.  In  each  case,  either 
the  child  or  tne  mother  (while  pregnant)  lived  in  a  house  that  had 
recently  been  treated  with  chlordane  for  termite  infestation.  No 
information  on  a  control  series  is  available  for  comparison,  and  tnese 
case  reports  provided  insufficient  information  to  support  conclusions 
concerning  the  long-term  healtn  risks  of  chlordane. 

Occupational  Exposure 

Princi  and  Spurbeck  (1931)  evaluated  34  persons  engaged  in  Che 
manufacture  of  insecticides,  including  chlordane,  and  exposed  through 
skin  contact  and  inhalation  for  11-36  oo.  Physical  examinations, 
chest  x  rays,  urinary  dilution  and  concentration  tests,  complete  blood 
counts,  routine  urinalysis,  hemoglobin  measurement,  sedimentation 
rate,  and  urinary  porphyrin  determinations  failed  to  suggest  any 
abnormalities  in  the  men.  Air  was  analyzed  at  several  test  locations 
for  total  chlorinated  hydrocarbons.  The  authors  concluded  that  no 
adverse  effects  were  detected  in  men  working  in  a  plant  with  air 
concentrations  of  chlorinated  hydrocarbons  as  high  as  10  mg/nP. 


concentration  of  airborne  ctilordane  was  below  0.6  yg/m3  ia  130  of 
tne  nouses,  0. 7-3.4  jig/nP  £n  278  of  the  houses,  3. 5-6. 5  ug/nP  ia 
56  of  the  houses,  and  above  6.5  yg/n»3  in  10  of  the  houses.  There 
was  no  correlation  between  concentration  of  airborne  chlordane  and 
temperature,  barometric  pressure,  or  relative  humidity. 

Wright  and  Leidy  (1982)  reported  the  results  of  sampling  of  six 
single-family  homes  with  a  crawl  space  or  combination  crawl  space-slab 
construction.  Three  houses  were  treated  with  chlordane  and  three  with 
a  chlordane/heptachlor  emulsion.  Air  samples  were  taken  immediately 
after  termiticide  application  and  at  1  and  7  d  and  1,  6,  and  12  mo. 
Concentrations  of  chlordane  ranged  from  0.3  ug/m^  before  treatment 
to  2.34-5.01  yg/m^  after  treatment.  The  mean  concentration  of 
heptachlor  was  0.01  yg/m^  before  treatment  and  1.0-1. 8  yg/op  after 
treatment. 


SUMMARY  OF  TOXICITY  INFORMATION 

Several  reviews  on  the  toxicity  of  chlordane  are  available  (NRC, 

1977a, b;  EPA,  1979a;  IAKC,  1979). 

Acute  poisoning  associated  with  spraying,  manufacture,  or 
accidental  ingestion  of  cyclodienes  produces  central  nervous  system 
symptoms,  including  headache,  blurred  vision,  dizziness,  slight 
involuntary  muscular  movements,  tremor,  sweating,  insomnia,  nausea, 
and  general  malaise.  More  severe  illness  is  characterized  by 
involuntary  contractions  of  muscles  or  groups  of  muscles  and  by 
epileptiform  convulsions,  with  loss  of  consciousness,  urinary  and 
fecal  incontinence,  disorientation,  personality  changes,  psychic 
disturbances ,  and  loss  of  memory.  Such  episodes,  which  may  recur  for 
2-4  mo  after  cessation  of  exposure,  are  marked  by  abnormal 
encephalographic  patterns  (NRC,  1977b).  The  limited  human  studies 
with  long-term  exposure  have  not  revealed  any  consistent  or 
significant  detrimental  effect.  Carcinogenicity  data  are  essentially 
limited  to  long-term  high-dose  exposure  of  mice  (rats  appeared 
resistant) . 

Chlordane  absorption  through  the  skin  can  produce  toxic  effects 
(Goaselin  ejt  £l. ,  1976).  Dermal  exposure  is  expected  in  manufacture 
or  use  of  the  pesticide.  Absorption  can  range  from  negligible  to  that 
producing  acute  effects,  depending  on  the  degree  of  exposure. 

Chlordane  could  persist  for  long  periods  on  the  skin  of  persons  using 
it.  In  one  study,  hexane  rinsings  of  the  hands  of  a  former 
pest-control  operator  contained  chlordane  2  yr  after  his  last  known 
exposure  (Kazen  et  al . ,  1974). 

Nisbet  ( 19 76l~ estimated  total  daily  intake  of  chlordane  on  the 
basis  of  the  concentration  of  oxychlordane  stored  in  tissue.  A 
chlordane  intake  of  9  yg/day  was  calculated.  Nisbet  also  identified 
highly  exposed  segments  of  the  general  population:  children,  as  a 
result  of  milk  consumption;  fishermen  and  their  families,  because  of 
high  consumption  of  fish  and  shellfish,  especially  freshwater  fish; 
persons  living  downwind  from  treated  fields;  and  persons  living  in 
houses  treated  with  chlordane  to  control  pests. 


10  - 


CHLORDANE 


BACKGRC  .n  INFORMATION 


Chlordane  is  a  member  of  a  group  of  chemical  compounds  genericslly 
termed  "chlorinated  cyclodienes."  For  its  use  as  an  insecticide,  and 
especially  as  a  termiticide,  it  is  available  in  pure  and  technical 
grades.  Pure  chlordane  is  a  viscous,  colorless,  odorless  liquid.  Its 
solubility  in  water  is  approximately  9  yg/L  at  25°C.  It  is  highly 
soluble  in  most  organic  solvents,  including  petroleum  hydrocarbons 
(Brooks,  1974a, b) .  Physical  and  chemical  properties  of  chlordane  are 
shown  in  Table  1. 

Technical  chlordane  is  usually  sold  as  an  emulsifiable  concentrate 
for  use  in  dilute  water  suspension  as  a  spray,  but  is  also  supplied  in 
powder  form  diluted  with  talc  or  other  inert  mineral  dust  (Aldrich  and 
Holmes,  1969).  First  produced  commercially  in  1947,  chlordane  has 
been  used  primarily  for  termite  eradication  around  housing  foundations 
and  for  control  of  soil  insects  in  corn  production.  Chlordane  also 
has  been  an  active  ingredient  in  many  household  and  garden  pesticides 
( Infante  et  al. ,  1978). 

The  present  review  stems  from  exposure  of  several  families  living 
in  housing  on  military  bases;  chlordane  had  been  applied  as  a 
termiticide  in  and  around  the  housing  foundations  several  years 
earlier.  Modifications  in  the  heating  systems  and  disruptions  of  the 
inground  heat  ducts  are  believed  to  nave  resulted  in  the  entry  and 
dispersion  of  chlordane  through  the  duct  systems,  which  led  to  mild  to 
moderate  systemic  symptoms  in  residents.  Such  release  of  chlordane 
into  the  house  environment  can  generally  be  controlled  by  repairing 
ducts  or  by  closing  off  and  circumventing  the  underground  duct  system. 

There  are  several  reports  of  detection  of  airborne  chlordane  in 
residences.  Livingston  and  Jones  (1981)  sampled  the  air  of  apartments 
at  a  midwestern  Air  Force  base  for  chlordane.  These  units  had 
intraslab  or  subslab  heating  ducts  and  bad  been  treated  with  chlordane 
by  high-pressure  subslab  injection  or  by  soil  drench  before  pouring  of 
the  slab.  In  a  preliminary  survey,  13  units  treated  in  1978  and  43 
treated  before  1978  were  sampled.  All  but  five  of  the  apartments  had 
detectable  concentrations  of  airborne  chlordane,  ranging  from  0.4  to 
263.5  yg/m^.  The  majority  had  concentrations  below  7.4  yg/m^, 
with  only  four  units  exceeding  22  yg/m^.  in  a  wider  survey,  435 
apartments  treated  with  chlordane  were  investigated.  Of  these 
apartments,  335  had  measurable  airborne  chlordane,  ranging  from  trace 
amounts  to  37.8  yg/m^.  The  mean  chlordane  concentration  was 
approximately  2  yg/m^.  The  authors  found  no  correlation  between 
airborne  chlordane  concentrations  and  barometric  pressure, 
temperature,  relative  humidity,  or  year  of  treatment. 

Lillie  (1981)  reported  the  results  of  an  investigation  of  housing 
units  at  seven  Air  Force  bases.  Airborne  chlordane  was  measured  in 
474  houses;  469  had  the  ventilation  ducts  in  or  below  the  slab,  and 
five  had  the  ducts  in  crawl  spaces.  Houses  were  treated  with 
chlordane  by  subslab  injection  or  exterior  ditching.  The 
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need*  to  be  examined  further.  If  resources  are  insufficient  for  the 
testing  of  all  seven  materials,  it  is  suggested  that  testing  begin 
with  chlordane,  aldrin,  and  some  of  the  noncyclodiene  compounds,  such 
as  lindane  and  cnlorpyrifos. 

e  Airborne  Monitoring.  An  important  consideration  in  assessing 
health  hazards  is  knowledge  of  likely  exposure  concentrations. 
Published  quantitative  analytic  data  were  available  to  the  Committee 
only  on  chlordane;  some  preliminary  data  were  available  on  aldrin  and 
dieldrin.  It  is  suggested  that  a  program  be  undertaken  to  determine 
the  airborne  concentrations  of  the  termiticides  under  conditions 
similar  to  tnose  now  used.  This  program  should  be  conducted  over  a 
sufficient  period  to  delineate  the  effects  of  such  variables  as  time 
and  temperature. 

•  Epidemiology  Data.  In  several  episodes  in  recent  years,  people 
have  been  exposed  to  chlordane  in  military  housing.  This  group  can  be 
followed  more  readily  than  the  general  population,  because  their 
health  records  and  whereabouts  are  more  easily  traced.  It  is 
recommended  tnat,  at  a  minimum,  a  biologic  monitoring  program  be 
undertaken  as  a  first  step  in  a  comprehensive  analysis  of  the  human 
health  effects  of  chlordane.  Concentrations  of  chlordane  and  its 
metabolites  in  fat,  blood,  and  urine  of  persons  who  lived  in  military 
housing  where  chlordane  was  applied  should  be  measured.  Comparisons 
of  these  concentrations  before  and  after  exposure  would  provide  some 
information  on  extent  of  exposure  and  on  whether  chlordane  has 
accumulated  in  the  body.  The  health  status  of  these  persons  should 
also  be  investigated.  In  particular,  investigators  should  looic  for 
signs  of  neurotoxicity-such  as  seizures,  movement  disorders,  tremors, 
and  chorea — and  for  signs  of  anemia  and  diseases  of  blood-forming 
tissues.  Neurologic  symptoms  appear  to  be  the  most  sensitive 
indicator  of  exposure  in  humans.  It  might  be  possible  to  develop  a 
retrospective  case-control  study  of  those  with  suggestive  neurologic 
symptoms  and  appropriate  matched  controls  (neighbors,  unaffected 
siblings,  etc.),  including  correlation  with  concentrations  of  the 
termiticides  in  tissues  and  in  indoor  air.  Any  of  the  ocher 
termiticides  for  which  there  are  sufficient  data  on  exposure  in 
military  housing  should  be  investigated  in  a  similar  fashion. 


ALDRIN/DIELDRIN 


BACKGROUND 


Aldrin  and  dieldrin,  chlorinated  cyclodiene*,  are  broad-apectrum 
insecticides  chat  are  contact,  stomach,  and  inhalation  poiaona. 

Aldrin  is  readily  converted  to  dieldrin,  which  ia  conaidered  one  of 
the  moat  peraistent  of  all  peaticides.  These  insecticides  were  used 
extensively  in  agriculture  for  over  20  yr  until  their  use  was 
suspended  by  EPA  (1974);  their  use  for  termite  control  was  retained. 
Although  the  use  of  aldrin  and  dieldrin  ia  banned  in  many  countries, 
these  insecticides  were  being  manufactured  in  a  number  of  European 
countries  at  least  until  1978  and  are  still  used  throughout  the  world. 

Physical  and  chemical  properties  of  aldrin  and  dieldrin  are  shown 
in  Table  1. 


SUMMARY  OF  TOXICITY  INFORMATION 


Several  comprehensive  reviews  are  available  on  the  toxicity  of  aldrin 
and  dieldrin  ( NRC ,  1977b;  IARC,  1974;  EPA,  1979c;  NIOSH,  1978). 

EFFECTS  IN  HUMANS 


Human  poisoning  from  aldrin  and  dieldrin  is  characterized  by  major 
motor  convulsions.  Other  effects  include  malaise,  incoordination, 
headache,  dizziness,  and  gastrointestinal  disturbances.  The  seizures 
have  developed  with  and  without  other  symptoms  of  poisoning.  Several 
reports  have  described  acute  intoxication,  including  fatalities,  from 
ingestion  of  aldrin  and  dieldrin  (Hayes,  1957,  1959;  Garrettson  and 
Curley,  1969;  Taylor  £t  al_. ,  1979).  Convulsions  generally  began 
within  30  min  and  lasted  for  up  to  7  h. 

Patel  and  Rao  (1958)  investigated  poisoning  in  workers  spraying 
dieldrin.  Exposure  to  the  pesticide  was  not  continuous,  and  there 
were  periods  of  varied  duration  of  nonspraying.  Of  297  workers,  20 
developed  adverse  effects,  including  headaches,  giddiness,  muscle 
twitching,  convulsions,  and  loss  of  consciousness.  Adverse  effects 
developed  14-154  d  after  exposure  began,  and  in  17  of  the  workers 
symptoms  did  not  develop  until  the  second  spraying  period. 

Abnormal  EEGs  have  been  found  in  persons  exposed  to  aldrin  or 
dieldrin,  as  reviewed  elsewhere  (Taylor  e£  al^ ,  1979).  Avar  and 
Czegledi-Janko  (1970)  examined  15  workers  involved  in  aldrin 
production  for  1-5  yr;  of  40  workers,  15  were  chosen — 3  who  had  shown 
symptoms  and  12  others  who  were  chosen  randomly.  Physical 
examinations,  including  EEGs,  took  place  in  the  last  month  of 
exposure.  Nine  of  the  workers  had  EEG  changes  from  increased 
frequency  and  amplitude  to  changes  indicative  of  convulsions.  The 
three  workers  who  had  symptoms  (epileptiform  convulsions)  were 
followed  for  7  mo  after  exposure  ended.  By  the  end  of  this  period, 
symptoms  had  subsided  and  EEGs  were  normal.  No  environmental 
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monitoring  was  done  to  give  an  indication  of  the  extent  of  exposure  to 
aldrin. 

Jager  (1970)  reported  an  extensive  study  of  826  chemical  workers 
involved  in  production  of  aldrin,  dieldrin,  endrin,  and  telodrin. 
Workers  were  exposed  for  various  periods  up  to  15  yr.  Physical 
examinations  took  place  twice  a  year,  and  blood  concentrations  of  the 
pesticides  were  measured.  The  only  effects  reported  were  CNS  symptoms 
associated  with  exposure  to  the  pesticides.  These  symptoms  generally 
subsided  within  a  few  weeks  after  removal  from  exposure.  The  author 
compared  blood  concentrations  of  dieldrin  with  symptoms  of 
intoxication  and  found  no  clinical  effects  at  concentrations  below 
0.20  yg/ml.  Taking  into  account  effects  on  enzyme  induction  in 
workers  exposed  to  aldrin  and  dieldrin,  the  author  reported  that  a 
blood  concentration  of  dieldrin  of  0.105  yg/ml  could  be  considered  a 
no-ef fect-level. 

An  earlier  analysis  of  some  of  these  workers  was  reported  by 
Hoogendam  et  al.  (1962,  1965).  Of  225  workers  exposed  for  less  than  4 
yr,  17  had  convulsive  episodes  with  slight  to  severe  EEG  changes. 
Symptoms  were  reversed  after  removal  from  exposure.  The  authors  also 
reported  that  17  of  70  workers  exposed  for  4-9  yr  nad  some  EEG 
changes;  these  changes  were  reversible.  No  impairment  of  liver 
function  was  found.  Air  samples  of  aldrin  and  dieldrin  were  taken 
during  two  periods;  the  concentrations  were  0. 5-8.5  mg/nP  and 
0.02-0.2  mg/m^  for  each  period.  Because  airborne  concentrations 
varied  considerably  from  day  to  day  and  workers  often  moved  from 
location  to  location  in  tne  plant,  these  ranges  do  not  necessarily 
indicate  the  extent  of  exposure. 

The  effects  of  long-term  oral  exposure  of  dieldrin  have  been 
investigated  (Hunter  and  Robinson,  1967;  Hunter  et  £l. ,  1969). 

Thirteen  men,  aged  21-52  yr,  were  given  various  dosages  of  HEOD  (pure 
dieldrin);  three  men  were  given  HEOD  at  0  yg/d  for  18  mo  and  211  yg/d 
for  6  mo,  three  were  given  10  yt'd  for  18  mo  and  211  yg/d  for  6  mo, 
three  were  given  211  yg/d  for  24  mo,  three  were  given  50  yg/d  for  24 
mo,  and  one  was  given  no  HEOD.  The  men  were  also  observed  for  8  mo 
after  exposure  ended.  No  adverse  effects  were  reported  on  body 
weight,  EEGs ,  ECGs ,  hematologic  tests,  and  serum  enzymes,  and  there 
were  no  symptoms  of  intoxication.  Samples  of  blood  and  adipose  tissue 
were  taken  at  various  stages  to  measure  the  concentration  of  HEOD.  At 
18-24  mo,  the  blood  concentration  of  HEOD  was  5-8.6  yg/L,  1.5-12.7 
yg/L,  2.9-12.8  yg/L,  and  12.4-32.2  yg/L  for  the  subjects  given  dosages 
of  50,  0  and  211,  10  and  211,  and  211  yg/d,  respectively.  There  was 
only  a  slight  increase  in  the  blood  concentration,  compared  with 
controls,  for  the  group  given  10  yg/d,  whereas  the  groups  given  50  and 
211  yg/d  had  about  fourfold  and  tenfold  increases,  respectively.  For 
the  latter  two  groups,  the  HEOD  blood  concentration  reached  a  plateau 
by  about  the  tenth  month  for  50  yg/d  and  oy  the  eighteenth  month  for 
211  yg/d.  The  half-life  of  HEOD  in  the  blood  of  these  persons  was 
estimated  to  be  369  d,  with  a  range  of  141-592  d.  The  concentration 
of  HEOD  in  adipose  tissue  followed  a  pattern  similar  to  that  in  blood; 
when  a  constant  dosage  was  administered,  it  plateaued  by  about  9-15 
mo.  The  ratio  of  the  concentration  of  HEOD  in  adipose  tissue  to  that 
in  blood  was  estimated  to  be  136. 
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Aldrin  and  dieldrin  are  absorbed  through  the  skin.  Feldmann  and 
Maioach  (1974)  applied  ^C-lsbeled  aldrin  and  dieldrin  to  the 
forearms  of  six  humans  at  4  ug/cm^  and  measured  urinary  excretion 
for  6  d.  For  aldrin  and  dieldrin,  respectively,  7.8  and  7.7  percent 
of  the  total  dose  was  recovered  in  the  urine. 

EFFECTS  IN  ANIMALS 


Acute  Exposure 

Aldrin  and  dieldrin  are  acutely  toxic  to  laboratory  animals  by  the 
oral,  dermal,  and  inhalation  routes.  They  are  mildly  irritating  to 
the  eye  and  to  the  slcin.  Both  aldrin  and  dieldrin  affect  the  central 
nervous  system,  producing  irritability,  tremors,  and  convulsions 
(Heath  and  Vandekar,  1964) .  The  oral  LD^q  of  aldrin  for  rats  ranges 
from  46  mg/kg  of  body  weight  in  peanut  oil  to  63  mg/kg  as  a  wettable 
powder  (Gaines,  1969).  The  dermal  LD50  for  rats  ranges  from  98  to 
274  mg/kg.  The  oral  LO50  of  dieldrin  for  rats  ranges  from  38  mg/kg 
in  peanut  oil  to  32  mg/kg  as  a  wettable  powder;  the  dermal  LD50 
ranges  from  64  to  213  mg/kg. 

Chronic  Exposure  and  Carcinogenicity 

Aldrin  and  dieldrin  are  carcinogenic  in  mice,  having  produced 
increased  incidences  of  liver  tumors  (NCI,  1978a).  In  the  NCI 
bioassay,  50  B6C3F1  mice  of  each  sex  were  given  aldrin  in  the  diet  for 
80  wk  (4  and  8  ppm  for  males  and  3  and  6  ppm  for  females)  or  dieldrin 
in  the  diet  at  2.3  and  5  ppm  for  80  wk.  All  animals  exhibited 
hyperexcitability,  compared  with  controls.  There  was  a  significant 
dose-related  increase  in  hepatocellular  carcinomas  in  male  mice 
exposed  to  either  aldrin  or  dieldrin.  Other  dietary  studies  have  also 
demonstrated  the  ability  of  aldrin  and  dieldrin  to  produce 
hepatocellular  carcinomas  in  mice  (Davis  and  Fitzhugh,  1962;  Walker  et 
al. ,  1973),  and  dieldrin  has  produced  lung  tumors  in  mice  (Walker  £t 
aK  ,  1973). 

Studies  of  aldrin  and  dieldrin  in  rats  have  generally  yielded 
negative  results  with  regard  to  carcinogenicity.  In  NCI  bioassays,  50 
Osborne-Mendel  rats  of  each  sex  were  given  aldrin  in  the  diet  at  30 
and  60  ppm  or  dieldrin  in  the  diet  at  29  and  65  ppm  for  up  to  80  wk 
(NCI,  1978a),  and  24  Fischer  344  rats  of  each  sex  were  given  dieldrin 
in  the  diet  at  2,  10,  and  50  ppm  for  up  to  105  wk  (NCI,  1978b).  No 
significant  incidence  of  dose-related  neoplasms  was  observed.  In 
another  study  (Fitzhugh  et  al. ,  1964),  Osborne-Mendel  rats  were  given 
aldrin  or  dieldrin  in  the  diet  at  0.5,  2,  10,  50,  100,  and  150  ppm  for 
2  yr.  A  high  incidence  of  multiple-site  tumors  was  observed  only  at 
the  lower  concentrations,  and  there  was  no  significant  increase  in 
liver  tumors. 
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Teratogenic  and  Reproductive  Effect* 


Result*  of  studies  of  the  teratogenicity  of  aldrin  and  dieldrin  have 
been  equivocal.  Ottolenghi  et  al.  (1974)  gave  pregnant  golden 
hamsters  single  oral  doses  of  aldrin  at  50  mg/kg  and  dieldrin  at  30 
mg/kg  on  day  7,  8,  or  9  of  gestation.  There  was  an  increase  in  fetal 
deaths,  compared  with  controls,  and  an  increase  in  anomalies,  such  as 
open  eye,  cleft  palate,  and  webbed  foot.  When  mice  were  given  aldrin 
at  25  mg/kg  or  dieldrin  at  15  mg/kg  on  day  9  of  gestation,  there  was 
no  effect  on  fetal  survival  or  weight;  however,  webbed  foot  and  cleft 
palate  were  observed. 

Dix  et  al .  (1977)  administered  dieldrin  in  corn  oil  (1.5  and  4 
mg/kg  per  day)  or  in  dimethyl  sulfoxide  (0.25,  0.5,  and  1  mg/kg  per 
day)  to  pregnant  mice  on  days  6-14  of  gestation.  No  teratogenic 
effects  were  observed.  However,  there  were  decreases  in  maternal  and 
fetal  body  weights  in  the  0MS0  group  and  in  DMSO  controls.  In  another 
experiment,  mice  and  rats  were  given  dieldrin  in  peanut  oil  orally  at 
1.5,  3,  and  6  mg/kg  per  day  on  days  7-16  of  gestation  (Chernoff  et 
al. ,  1975).  No  teratogenic  effects  were  observed,  but  at  6  mg/kg 
there  was  41  percent  mortality  in  rats  and  increased  1 iver-to-body 
weight  ratios  and  decreased  weight  gain  in  mice. 

Deichmann  (1972)  reported  that,  in  a  six-generation  mouse 
reproduction  study,  aldrin  and  dieldrin  at  25  mg/kg  per  day  in  the 
diet  had  marked  effects  on  fertility,  gestation,  viability,  and 
lactation.  At  lower  dosages  (3,  5,  and  10  mg/kg  per  day),  the  effects 
were  not  as  marked. 

Mutagenicity 

Most  of  the  available  mutagenicity  data  are  based  on  dieldrin. 

Dieldrin  was  not  mutagenic  in  several  strains  of  Salmonella 
typhimurium  with  or  without  liver  activation  systems  (Bidwell  £t  al . , 
1975;  Marshal  1  e£  al^.  ,  1976;  Shirasu  et  £l . ,  1977).  With  metabolic 
activation,  aldrin  was  also  negative  in  several  strains  of  Salmonel la 
typhimurium  (Shirasu  et  al.,  1977).  Majumdar  et  al.  (1977)  reported 
that  dieldrin  was  mutagenic  in  two  of  three  strains  of  Salmonel la 
typhimurium  without  activation.  The  mutagenic  effect  was  more 
pronounced  and  appeared  in  all  three  strains  when  induced  mouse-liver 
enzymes  were  added. 

Toxicokinetics 


Aldrin  is  rapidly  converted  to  6,7-epoxide  dieldrin  through 
epoxidation  of  the  double  bond.  This  is  a  microsomal  oxidation 
reaction  that  occurs  in  soils,  plants,  and  animals  (Gannon  and  Bigger, 
1958;  Gannon  and  Decker,  1958b;  Bann  ejt  £l^. ,  1956).  Further  reaction 
of  dieldrin  yields  photodieldrin  (Matsumura  e£  a_l .  ,  1970),  which  is 
more  toxic  than  the  parent  compound.  Hydroxy  degradation  products  of 
aldrin  are  also  found  and  are  conjugated  before  being  excreted. 

When  I l^Cjd ieldrin  was  administered  as  a  single  dose  to  rats  and 
mice  by  gavage,  50-70  percent  was  eliminated  in  1  wk  (Baldwin  et  al. , 
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1972).  Moat  of  the  radioactivity  was  detected  in  the  feces--10  time a 
more  than  in  the  urine. 

Aldrin  and  dieldrin  accumulate  in  adipose  tisaue.  In  workers 
expoaed  to  aldrin  and  dieldrin,  concentrationa  of  dieldrin  in  adipoae 
tiaaue  and  plaama  were  5.67  ppm  and  0.0185  ppm,  respectively  (Hayea 
and  Curley,  1968).  Dieldrin  haa  alao  been  detected  in  the  adipoae 
tiaaue  of  the  general  population  in  a  variety  of  countriea  (Curley  e£ 
al.,  1973;  Abbott  et  al.,  1972;  Durham,  1969). 


EXISTING  GUIDELINES  AND  STANDARDS 


On  Che  baaia  of  carcinogenicity  data  and  other  information,  EPA  (1974) 
issued  suspension  notices  for  aldrin  and  dieldrin  in  October  1974. 
Evidence  that  was  cited  to  support  suspension  included  the  following: 

e  Laboratory  data  indicated  that  two  strains  of  mice  fed  a  diet 
containing  dieldrin  at  as  low  as  0.1  ppm  had  a  significant 
increase  in  liver  tumors. 

•  A  1973  Food  and  Drug  Administration  marketbasket  survey  found 
"measurable  amounts"  of  dieldrin  in  composite  samples  of  foods, 
such  as  dairy  products. 

•  A  1971  EPA  sampling  of  human  fat  tissues  revealed  detectable 
residues  of  dieldrin  in  99.5  percent  of  them. 

e  On  the  basis  of  NCI  methods  for  estimating  human  cancer  risk, 
the  present  average  dietary  intake  of  dieldrin  subjects  the 
human  population  to  an  unacceptably  high  cancer  risk. 

e  Children  (particularly  from  birth  to  1  yr  of  age),  because  their 
diet  is  high  in  dairy  products,  consume  considerably  more 
dieldrin  on  a  body-weight  basis  than  any  other  segment  of  the 
population  and  may  therefore  be  at  an  increased  risk. 

The  EPA  (1979c)  has  estimated  that  exposure  of  aldrin  and  dieldrin 
in  the  drinking  water  at  concentrations  of  0.0046  and  0.0044  ng/L, 
respectively,  would  result  in  a  lifetime  cancer  risk  of  10~&. 

NIOSH  (1978)  recommended,  on  the  basis  of  demonstrated  potential 
for  induction  of  tumors  in  laboratory  animals,  that  aldrin  and 
dieldrin  be  controlled  and  handled  in  the  workplace  as  suspected 
carcinogens  and  that  exposure  be  minimized  to  the  greatest  extent 
possible.  NIOSH  (1978)  also  recommended  that  the  airborne 
concentration  of  either  aldrin  or  dieldrin  in  the  workplace  be  no 
higher  tnan  0.15  mg/m^,  which  was  the  lowest  concentration 
detectable  by  validated  analytic  methods. 

The  current  permissible  workplace  exposure  limit  for  aldrin  and 
dieldrin  enforced  by  the  Occupational  Safety  and  Health  Administration 
is  0.25  mg/m^  (OSHA,  1981).  The  ACGIH  (1981)  has  recommended  for 
aldrin  and  dieldrin  a  TLV-TWA  of  0.25  mg and  a  TLV-STEL  of  0.75 
mg/m-).  Both  agencies  noted  that  aldrin  and  dieldrin  are  absorbed 
through  the  skin  and  that  dermal  exposure  should  therefore  be  avoided. 
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LINDANE 


BACKGROUND  INFORMATION 


Lindane  is  Che  gamma  isomer  of  hexachlorocyclohexane  and  is  commonly 
referred  co  by  Che  misnomer  hexachlorobenzene.  Technical-grade 
lindane  concains  99  percenC  gamsa-hexachlorocyclohexane,  buC  also 
concains  1  percenC  of  ocher  isomers.  Lindane  is  sCable  in  Che 
presence  of  light,  heac,  air,  carbon  dioxide,  and  scrong  acids; 
however,  ic  is  dehalogenaCed  in  Che  presence  of  alkali.  Physical  and 
chemical  properciea  of  lindane  are  shown  in  Table  1. 

About  1  million  pounds  of  lindane  are  used  yearly  in  Che  Uniced 
StaCes.  IC  is  used  primarily  for  seed  CreaCmenC  and  co  concrol 
various  wood-inhabiCing  beetles.  Very  litcle  lindane  is  used  for 
cermice  control;  for  cnis  purpose,  application  is  primarily  co  soil  as 
a  surface  spray,  rather  chan  by  injection  or  trenching.  Lindane 
is  also  used  in  the  CreaCmenC  of  scabies  and  lice  infestation. 

Lindane  was  Che  subject  of  an  EPA  rebuCCable  presumption  against 
registration  proceedings.  Hooker  Chemical  Corporation  terminated 
production  as  a  result  of  the  proceedings,  and  there  has  been  no 
reported  production  in  the  United  States  since  1976. 


SUMMARY  OF  TOXICITY  INFORMATION 


Several  comprehensive  reviews  of  lindane  are  available  (NRC,  1977b; 
I ARC,  1974,  1979;  EPA,  1979d). 

E FFECTS  IN  HUMANS 


Several  reports  have  linked  exposure  to  lindane  with  development  of 
aplastic  anemia,  and  these  nave  been  reviewed  elsewhere  (NRC,  1977b; 
IARC ,  1979;  Morgan  e£  aK ,  1980) .  However,  this  result  has  not  been 
replicated  in  a  satisfactory  animal  model,  and  no  firm  causal 
relationship  has  been  established  between  lindane  exposure  and  anemia. 

Nantel  et  al.  (1977)  investigated  the  health  effects  in  50  people 
who  ate  food  contaminated  with  lindane.  Within  hours,  all  experienced 
one  or  more  of  the  following:  nausea,  vomiting,  diarrhea,  headache, 
dizziness,  and  paresthesia.  Twenty  suffered  grand  mal  seizures  and 
were  hospitalized  for  1  d. 

A  series  of  reports  (Brassow  et  al . ,  1981;  Baumann  et  al.,  1980, 
1981;  Tomczak  et  al. ,  1981)  described  the  health  status  of  60  men 
(mean  age,  40  yr)  involved  in  lindane  production  for  1-30  yr  (mean, 

7.2  yr);  20  clerks  and  20  dairy  workers  were  used  as  controls.  The 
authors  found  no  increase  in  mortality,  no  impairment  of  the  central 
nervous  system  or  peripheral  motor  nerves,  and  no  effects  on  ECGs, 
liver  enzymes,  red  and  white  blood  cells,  platelet  counts,  or 
hemoglobin.  Neurologic  effects  were  measured  through  electromyograms, 
electroencephalograms,  motor-nerve  conduction  velocity,  forefinger 
tremors,  and  dexterity  tracking  tests.  The  authors  noted  an  increase 
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in  polymorphonuclear  leukocytes  and  prothrombin  time.  In  54  of  the 
workers  and  in  controls,  blood  concentrations  of  follicle-stimulating 
hormone  (FSH),  luteinizing  hormone  (LH),  and  testosterone  were 

measured.  There  was  no  difference  in  FSH,  and  testosterone  * 

concentrations  were  slightly,  but  not  significantly,  lower  than  those 
in  controls.  Lindane  workers  had  significantly  higher  LH 
concentrations.  Further  research  is  needed  to  determine  whether  these 
changes  represent  an  adverse  health  risk. 

EFFECTS  IN  ANIMALS  * 


Acute  Exposure 

The  oral  LD5QS  of  lindane  for  mice,  rats,  guinea  pig a,  and  rabbits 
are  86,  125-230,  100-127,  and  60-200  mg/kg  of  body  weight, 

respectively  (Gaines,  19691.  The  dermal  LO5Q  in  rats  is  1,000  mg/kg  » 

for  males  and  900  mg/kg  for  females.  Signs  of  intoxication  include 
diarrhea,  hypothermia,  hyperirritability,  incoordination,  and 
convulsions . 

Chronic  Exposure  and  Carcinogenicity 

» 

Lindane  was  administered  daily  by  stomach  tube  to  male  and  female  rats 
for  6  mo  at  32  mg/kg  or  for  17  mo  at  10  mg/kg  (Klimmer,  1955). 

Observed  effects  in  rats  given  32  mg/kg  included  fatty  degeneration  of 
the  liver  and  renal  tubular  epithelium,  vacuolization  of  cerebral 
cells,  and  an  increase  in  mortality.  Effects  were  not  observed  at  the 
lower  dosage.  Rats  were  also  given  lindane  in  the  diet  at  2,  3,  4,  5,  » 

or  10  ppm  for  12  mo,  and  no  adverse  effects  were  observed  (Mel is, 

1955)  . 

In  a  2-yr  feeding  study  (WHO/FAO,  1967),  lindane  was  given  to  rats 
in  the  diet  at  25,  50,  or  100  ppm.  At  50  and  100  ppm,  there  was 
hypertrophy  of  the  liver,  and  at  100  ppm  also  fatty  degenerative 
changes.  No  effects  were  observed  at  25  ppm. 

Several  authors  have  investigated  the  carcinogenic  potential  of 
lindane.  These  studies  have  been  thoroughly  reviewed  (NRC,  1977b; 

Reuber,  1979;  IARC,  1979).  Nagasaki  e£  a_l.  (1972a)  fed  male  mice 
lindane  in  the  diet  at  100,  250,  or  500  ppm  for  24  wk;  no  tumors  were 
observed  at  any  dose.  Thorpe  and  Walker  (1973)  administered  lindane 
to  CF1  mice  in  the  diet  at  400  ppm;  both  sexes  had  increases  in  liver 
tumors,  compared  with  controls.  In  an  NCI  (1977c)  bioassay,  groups  of 
50  B6C3F1  mice  of  each  sex  were  given  lindane  in  the  diet  at  80  or  160 
ppm  for  80  wk.  The  incidence  of  hepatocellular  carcinoma  was 
significantly  greater  in  the  low-dose  group,  but  not  the  high-dose 
group,  compared  with  controls.  The  investigators  concluded  that 
lindane  was  not  carcinogenic  under  the  conditions  of  the  test.  Groups 
of  50  mice  of  each  sex  were  given  lindane  in  the  diet  at  12.5,  25,  or 
50  ppm  for  80  wk  (Weisse  and  Herbst,  1977);  there  was  no  significant 
increase  in  tumors,  compared  with  controls. 

The  carcinogenicity  of  lindane  has  also  been  investigated  in 
rats.  Nagasaki  et  al .  (1972b)  administered  lindane  to  groups  of  seven 


» 


-  30  - 


I 


Wistar  rata  in  the  diet  at  250,  500,  and  1,000  ppm.  At  48  wk,  one  rat 
at  the  highest  dose  had  a  hepatoma  and  three  others  had  hypertrophic 
nodules  without  signs  of  malignant  tumors.  In  another  study  (NCI, 
1977c),  groups  of  50  Osborne-Mendel  rata  of  each  sex  were  given 
lindane  in  the  diet — at  236  or  472  ppm  for  males  and  135  or  270  ppm 
for  females — for  80  wk.  There  was  no  statistically  significant 
increase  in  tumors  in  any  of  the  test  groups. 

Teratogenicity  and  Reproductive  Effects 

No  effects  on  reproductive  function  were  observed  and  there  was  no 
increase  in  malformations  in  a  three-generation  rat  study  in  which 
lindane  was  given  in  Che  diet  at  25,  50,  or  100  ppm  (Palmer  et  al . , 
1978b).  Teratogenic  effects  were  not  observed  when  lindane  was  given 
orally  at  5,  10,  or  15  mg/kg  of  Dody  weight  to  rabbits  on  days  6-18  of 
gestation  and  to  rats  on  days  6-16  of  gestation  (Palmer  et  al.,  1978a). 

When  lindane  was  given  orally  for  4  mo  at  0.5  mg/kg  to  female 
rats,  disturbances  in  the  estrus  cycle  and  diminished  reproductive 
capacity  were  observed  (Naishtein  and  Leibovich,  1971).  There  was  an 
increase  in  the  incidence  of  stillborn  pups  when  beagles  were  given 
lindane  at  7.5  or  15  mg/kg  from  day  5  through  Che  end  of  gestation. 

Khera  et  al .  (1979)  administered  Benesan  (50  percent  lindane)  to 
rats  orally  at  0,  6.25,  12.5,  or  25  mg/kg  on  days  6-15  of  pregnancy. 
There  were  no  observed  effects  on  fetal  body  weight  or  survival  and  no 
increase  in  intrauterine  deaths  or  anomalies  in  the  groups  exposed  to 
1 indane . 


Mutagenicity 

In  a  dominant-lethal  assay,  no  mutations  or  reproductive  effects  were 
observed  (NRC,  1977b).  Lindane  was  not  mutagenic  in  the  host-mediated 
assay  with  Salmonella  typhimurium  or  Serratia  marcescens . 

Toxicokinetics 

In  animals,  lindane  is  biotransformed  to  chlorophenols 
( trichlorophenol ,  tetrachlorophenol ,  and  pentachlorophenol) ,  which  are 
excreted  free  or  as  sulfuric  acid  or  glucuronic  acid  conjugates  (Engst 
et  al.,  1976;  Freal  and  Chadwick,  1973).  Chadwick  et  aK  (1975) 
reported  chat  lindane  is  first  converted  to  a  hexachlorocyclohexane 
intermediate  and  then  to  two  tetrachlorophenol s  and  three 
trichlorophenol s. 

Lindane  accumulates  primarily  in  body  fat  (Oavidow  and  Frawley, 
1951;  Oshiba,  1972).  In  rats  given  lindane  in  the  diet  at  800  mg/kg 
of  diet  tor  20  months,  adipose  tissue  was  the  primary  store  (Davidow 
and  Frawley,  1951).  Concentrations  in  other  tissues  were  lower  by  at 
least  80  percent.  Lindane  was  eliminated  from  tissue  within  3  wk 
after  exposure  ended.  Concentrations  of  lindane  in  the  general 
populations  of  many  countries  have  ranged  from  0.02  to  1.43  ppm  in 
adipose  tissue  and  from  0.0031  to  0.0042  ppm  in  blood  (Durham,  1969) . 


EXISTING  GUIDELINES  AND  STANDARDS 


The  EPA  (1979d)  nas  estimated  that  exposure  of  lindane  in  the  drinking 
water  at  a  concentration  of  5.4  ng/L  would  result  in  a  lifetime  cancer 
risk  of  10~6. 

The  ACGIH  (1981)  has  recommended  a  TLV-TWA  of  0.5  mg/m3  and  a 
TLV-STEL  of  1.5  mg/nP.  The  OSHA  (1981)  permissible  workplace 
exposure  limit  is  0.5  mg/m-3.  Both  agencies  noted  that  lindane  is 
absorbed  through  the  skin  and  that  dermal  exposure  should  therefore  be 
avoided. 
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PENTACHLOROPHENOL 


BACKGROUND  INFORMATION 


Pentachlorophenol  (commonly  called  penta)  is  a  white  crystal  or  powder 
formulated  by  chlorinating  molten  phenol  in  the  presence  of  a 
catalyst.  The  production  of  this  material  results  in  other 
condensation  products,  particularly  polychlorinated  dioxins  and  furans, 

Pentachlorophenol  is  used  primarily  in  wood  preservation.  In 
1977,  SO  million  pounds  were  produced,  of  which  80  percent  was  used 
for  wood  preservation,  and  most  of  the  remainder  was  used  in  fungicide 
products  applied  to  leather,  burlap,  masonry,  cordage,  paint,  and 
paper.  Although  pentachlorophenol  can  be  applied  to  soil  to  control 
termites,  as  a  termiticide  it  has  been  limited  to  specific  situations, 
such  as  direct  application  to  termite-infested  wood  structures  that 
cannot  be  easily  replaced. 

Physical  and  chemical  properties  of  pentachlorophenol  are  shown  in 
Table  1. 


SUMMARY  OF  TOXICITY  INFORMATION 


Several  comprehensive  reviews  on  pentachlorophenol  are  available  (NRC, 
1977b;  IARC ,  1979;  EPA,  1979e;  Rao,  1978).  Information  on  the 
toxicity  of  pentachlorophenol  is  complicated  by  the  presence  of 
contaminants,  such  as  dibenzo-£-dioxins  and  dibenzofurans,  in 
technical  pentachlorophenol  samples.  Several  studies  have  shown  that 
much  of  the  toxicity  of  pentachlorophenol  can  be  attributed  to  the 
presence  of  these  contaminants  (Goldstein  ejt  al . ,  1977;  Johnson  et 
al ♦ ,  1973;  Kimbrough  and  Linder,  1975;  McConnell  £t  a_l . ,  1980;  Schwetz 
e£  ,  1973).  Therefore,  interpretation  of  the  results  of  toxicity 
studies  with  pentachlorophenol  must  consider  the  chemical  composition 
of  the  pentachlorophenol  samples  tested. 

EFFECTS  IN  HUMANS 


The  toxic  effects  of  pentachlorophenol  are  associated  with  uncoupling 
of  oxidative  phosphorylation.  Characteristic  observations  include 
loss  of  appetite,  respiratory  difficulties,  hyperpyrexia,  sweating, 
dyspnea,  and  coma  (Menon,  1958). 

Pentachlorophenol  is  readily  absorbed  through  the  slcin.  Twenty 
infants  became  ill  and  two  died  after  coming  into  contact  with  nursery 
linens  that  had  been  washed  with  a  laundry  product  containing  the 
sodium  salt  of  pentachlorophenol  (Armstrong  £t  al . ,  1969).  The 
clinical  features  were  characteristic  of  an  increased  metabolic  rate 
and  included  tachycardia,  tachypnea,  fever,  sweating,  and  acidosis. 

Only  a  few  reports  in  the  literature  nave  described  the  effects  of 
airborne  exposure  to  pentachlorophenol,  and  these  did  not  report  the 
extent  of  exposure.  Eighteen  workers  involved  in  treatment  of  wood 
products  with  pentachlorophenol  were  studied  by  Begley  £t  (1977). 
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Renal -clearance  teats  (creatinine  and  phosphorus)  were  conducted  on 
the  last  day  of  a  work  period,  the  twentieth  day  of  a  vacation,  and 
the  fifty-first  day  after  return  from  vacation.  Pentachlorophenol  was 
also  measured  in  the  blood  and  urine.  Results  of  renal  clearance 
tests  were  reported  to  be  below  normal  in  16  of  the  workers  before  the 
vacation.  Results  returned  to  normal  in  all  but  six  workers  by  the 
end  of  vacation.  Clearance  had  again  decreased  51  d  after  return  to 
work,  but  not  to  the  extent  observed  before  vacation.  Blood  and 
urinary  pentachlorophenol  concentrations  decreased  by  56  percent  by 
the  end  of  vacation. 

Bergner  et  al .  (1965)  reported  five  cases  of  poisoning  in  workers 
with  respiratory  and  dermal  exposure  to  pentachlorophenol.  Clinical 
symptoms  included  sweating,  weight  loss,  gastrointestinal  complaints, 
and  hyperpyrexia;  there  was  one  fatality.  Urinary  pentachlorophenol 
in  the  four  survivors  ranged  from  2.4  to  17.5  mg/L. 

Baader  and  Bauer  (1951)  described  effects  in  10  workers  involved 
in  pentachlorophenol  production.  Exposure  to  other  chlorinated  benzol 
derivatives  also  occurred.  Symptoms  included  eye  irritation, 
bronchitis,  and  acne.  In  some  of  the  workers,  acne  did  not  develop 
until  several  months  after  exposure  ended.  In  nine  of  the  workers, 
acne  was  still  present  in  various  degrees  more  than  a  year  later. 

EFFECTS  IN  ANIMALS 


Acute  Exposure 

The  oral  LD50  of  pentachlorophenol  for  rats  is  146-175  mg/kg,  and 
the  dermal  LDjq  is  320-330  mg/kg  (Gaines,  1969).  Symptoms  of 
intoxication  include  accelerated  respiration,  vomiting,  increased  body 
temperature,  tachycardia,  neuromuscular  weakness,  and  cardiac  failure. 

Subchronic  Exposure 

Several  studies  have  reported  on  oral  administration  of 
pentachlorophenol  for  90  d.  Knudsen  et  al .  (1974)  administered 
pentachlorophenol  in  the  diet  to  Wistar  rats  at  0,  25,  50,  and  200  ppm 
(0,  1.25,  2.5,  and  10  mg/kg  per  day,  respectively).  At  200  ppm, 
growth  rate  was  reduced  in  females  and  liver  weight  was  increased  in 
males.  At  50  and  200  ppm,  hemoglobin  was  increased  at  6  wk,  but 
decreased  by  11  wk.  No  adverse  effects  were  oDserved  at  25  ppm. 

Kimbrough  and  Linder  (1975)  gave  male  rats  pure  or  technical 
pentachlorophenol  at  1,000  ppm.  Pathologic  changes  in  the  liver  were 
observed  and  were  of  a  greater  magnitude  with  the  technical  sample. 
Sprague-Oawley  rats  given  technical  pentachlorophenol  at  3  mg/kg  per 
day  had  increased  liver  and  kidney  weights  (Johnson  et  al . ,  1973). 

When  the  sample  was  purified  to  reduce  the  amount  of  dioxins,  no 
effects  were  seen  at  this  dosage. 
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Chronic  Exposure  and  Carcinogenicity 


The  potential  carcinogenicity  of  pentachlorophenol  was  studied  by 
Innes  et  al.  (1969)  and  by  Schwetz  et  al .  (1978).  Both  studies  failed 
to  reveal  any  increased  incidence  of  neoplasia.  In  the  Schwetz  ejt  al . 
(1978)  study,  Sprague-Dawley  rats  were  given  a  pentachlorophenol 
sample  (having  a  lower  content  of  nonphenol ics  than  does  technical 
pentachlorophenol)  in  the  diet  at  0,  1,  3,  10,  and  30  mg/kg  of  body 
weight  per  day;  males  were  exposed  for  22  mo,  and  females  for  24  mo. 

No  significant  increase  in  tumors  was  observed  at  any  dosage.  No 
toxic  effects  were  observed  in  male  rats  at  10  mg/kg  per  day  or  less 
or  in  females  at  3  mg/kg  per  day  or  leas. 

In  the  other  study  (Innes  et  al.,  1969),  two  strains  of  mice  were 
given  commercial  pentachlorophenol  (impurities  not  specified)  by 
stomach  tube  at  46.4  mg/kg  of  body  weight  from  7  to  28  d  of  age  and 
Chen  at  130  mg/kg  in  the  diet  for  up  to  78  wk.  No  significant 
increase  in  tumors  was  observed. 

Teratogenicity  and  Reproductive  Effects 

Schwetz  et  al^.  (1974)  analyzed  the  effects  of  purified  and  commercial 
grades  oT~pentachlorophenol  on  rat  embryonal  and  fetal  development. 
Sprague-Dawley  rats  were  given  pure  pentachlorophenol  or  a  commercial 
grade  at  3,  15,  30,  and  30  mg/kg  of  body  weight  on  days  6-15  of 
gestation.  Embryo toxicity  and  fetotoxicity — as  indicated  by  such 
effects  as  resorption,  subcutaneous  edema,  and  anomalies  of  the  skull, 
ribs,  and  vertebrae — were  observed  at  15  mg/kg  and  greater.  The 
no-observed-adverse-effect  dosage  for  commercial  pentachlorophenol  was 
5  mg/kg;  delayed  ossification  of  the  skull  was  observed  with  purified 
pentachlorophenol  at  this  dosage.  In  a  second  study,  Schwetz  et  al . 
(1978)  reported  that  a  purified  grade  of  pentachlorophenol  given  to 
rats  in  the  diet  at  3  mg/kg  of  body  weight  for  62  d  before  mating, 
during  15  d  of  mating,  and  throughout  gestation  and  lactation  had  no 
effect  on  reproduction  or  neonatal  survival,  growth,  or  development. 

At  30  mg/xg,  there  was  a  reduction  in  body  weight  among  adult  rats  and 
a  decrease  in  neonatal  survival  and  growth. 

Larsen  et  al^.  (1975)  reported  a  reduction  in  fetal  weight  when  CD 
rats  were  given  an  oral  dose  of  pentachlorophenol  at  60  mg/kg  of  body 
weight  on  days  8-13  of  gestation.  Fetal  deaths  and  resorptions  were 
observed  in  hamsters  when  doses  of  5-20  mg/kg  were  given  on  days  5-10 
of  gestation  (Hinkle,  1973);  no  effects  were  reported  at  1.25  or  2.5 
mg/kg. 

Mutagenicity 

Vogel  and  Chandler  (1974)  reported  that  pentachlorophenol  did  not 
induce  sex-linked  recessive  lethals  in  Drosophil a  melanogaster . 
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Toxicokinetics 


Pentachlorophenol  is  excreted  primarily  in  the  urine  in  toe  free  form 
(75  percent);  other  metabolic  products  include  tetrachlorohydroquinone 
and  glucuronide  conjugates  (Ahlborg  et  a_l.  ,  1974;  Ahlborg  and 
Thunberg,  1978).  Metabolism  of  pentachlorophenol  is  mediated  by 
microsomal  enzymes. 

Pentachlorophenol  is  eliminated  from  the  body  fairly  rapidly. 

Braun  and  Sauerhoff  (1976)  and  Braun  £t  £l^.  (1977)  reported  that, 
after  a  dose  of  10  mg/kg  body  weignt,  the  plasma  half-life  is  15  h  in 
rats  and  78  h  in  monkeys.  Tissue  concentrations  of  pentachlorophenol 
vere  highest  in  the  liver  and  kidneys. 


EXISTING  GUIDELINES  AND  STANDARDS 


On  the  basis  of  a  90-d  feeding  study  (Johnson  ej:  ,  1973)  in  which  a 

no-observed-adverse-effect  level  of  3  mg/kg  per  day  was  reported,  the 
NRC  (1977b)  calculated  a  no-adverse-effect-level  in  drinking  water  of 
0.021  mg/L,  for  a  70-kg  man  consuming  water  at  2  L/d  with  the 
assumption  that  20  percent  of  the  total  intake  of  pentachlorophenol 
would  be  from  water.  The  EPA  (1979e)  has  suggested  an  ambient-water 
quality  criterion  for  pentachlorophenol  of  0.14  mg/L. 

The  ACG1H  (1981)  has  recommended  a  TLV-TWA  of  0.5  mg/m3  and  a 
TLV-STEL  of  1.5  mg/m3.  The  OSHA  (1981)  permissible  workplace 
exposure  limit  is  0.5  mg/m3.  Both  agencies  noted  that 
pentachlorophenol  is  absorbed  through  the  skin  and  that  dermal 
exposure  should  therefore  be  avoided. 


CHLORPYRIFOS 


BACKGROUND  INFORMATION 


Chlorpyrifos,  an  organophosphate  pesticide,  is  a  white,  crystalline 
solid  marketed  as  Dursban  and  Lorsban.  It  has  a  wide  variety  of  uses, 
including  control  of  fire  ants,  turf  and  ornamental  plant  insects, 
mosquitoes,  cockroaches,  and  termites;  as  a  soil  insecticide;  seed 
treatment;  and  application  to  dormant  and  foliar  plants.  In  August 
1980,  EPA  granted  a  conditional  registration  for  use  of  chlorpyrifos 
as  a  subsurface  termiticide. 

Physical  and  chemical  properties  of  chlorpyrifos  are  shown  in 
Table  1. 


SUMMARY  OF  TOXICITY  INFORMATION 


EFFECTS  IN  HUMANS 


Some  studies  have  investigated  the  effects  of  airborne  chlorpyrifos  on 
humans.  Ludwig  et  al.  (1970)  exposed  volunteers  to  a  fog  containing 
varying  concentrations  of  cnlorpyrifos  and  examined  the  effects  on 
plasma  cholinesterase  and  red-cell  cholinesterase  activity.  Decreases 
in  plasma  cholinesterase  ( pseudocholinesterase)  activity  of  84-85 
percent  were  observed  in  volunteers  24  h  after  exposure  at  132.6 
mg/m*  for  2  min  and  at  80.4  mg/m*  for  4  min.  Recovery  to 
preexposure  values  occurred  withia  96  h.  There  was  no  effect  on 
red-cell  cnolinesterase  activity.  No  changes  in  the  activity  of 
either  cholinesterase  were  detected  24  h  after  exposure  at  79.1 
mg/m*  for  1  min  or  at  1.1  mg/m-*  for  8  min.  The  authors  did  not 
state  whether  any  other  changes  were  observed  after  exposure  to 
chlorpyrifos. 

El  lason  et  al^.  (1969)  examined  the  etfects  on  plasma 
cholinesterase  activity  in  workers  who  had  sprayed  chlorpyrifos  for 
mosquito  control.  One  group  of  five  men  had  used  a  0.5  percent 
emulsion  of  chlorpyrifos  for  9  d;  a  second  group  of  four  men  had 
sprayed  a  total  of  177  gal  of  a  0.25  percent  suspension  and  145  gal  of 
a  0.5  percent  emulsion  for  5  d;  and  a  third  group  of  seven  men  had 
applied  a  0.5  percent  emulsion  or  suspension  of  chlorpyrifos  for  2  wk. 

In  the  first  group,  three  of  the  men  had  decreases  in  plasma 
cholinesterase  activity  of  6a-82  percent,  compared  with  preexposure 
values;  the  other  two  had  decreases  of  up  to  52  percent  and  56  percent 
during  the  9-d  spraying  period,  but  no  preexposure  values  were 
recorded.  In  the  second  group,  no  significant  changes  in  plasma 
cholinesterase  were  observed  during  exposure  to  chlorpyrifos.  In  the 
third  group,  plasma  cholinesterase  activity  was  determined  before, 
during,  and  after  exposure  to  chlorpyrifos  and  compared  with 
preexposure  values  and  with  values  measured  in  four  men  not  exposed  to 
chlorpyrifos.  After  1.5  wk  of  spraying,  four  of  the  workers  had 
decreases  in  plasma  cholinesterase  activity  of  41-91  percent,  two 


3/ 


Heptachlor 

Chemical  name: 

1,4, 5, 6, 7, 8, 8a-Hep tachloro- 3a ,4, 7, 7a 
tetrahydro-4, 7-methanoindane 

Molecular  weight: 

373 

Molecular  formula: 

C10H5CI7 

Physical  state: 

White  to  light  tan,  waxy  solid  with 
mild  camphoraceous  odor 

Melting  point: 

95-96°C 

Boiling  point: 

175°C  (at  2  mm  Hg) 

Vapor  pressure: 

0.0003  mm  Hg  (at  20#C) 

Specific  gravity: 

1.57-1.59 

Soluble  in  xylene  and 
Insoluble  in  water 

alcohol 

Lindane 

Chemical  name: 

Hexachlorocyclohexane 

Molecular  weight: 

291 

Molecular  formula: 

C6H6C16 

Physical  state: 

White  crystalline  substance  with  a 
slignt  musty  odor 

Melting  point: 

112. 5°C 

Vapor  pressure: 

0.14  mm  Hg  (at  40°C) 

Soluble  in  chloroform, 
Insoluble  in  water 

,  alcohol,  acetone,  ether,  and  benzene 

Pen tachloro phenol 

Molecular  weight: 

266 

Molecular  formula: 

C5HCI5O 

Physical  state: 

White  crystal  or  powder  with  a 
pnenolic  odor  and  a  pungent  taste 

Melting  point: 

190°C 

Boiling  point: 

310°C 

Vapor  pressure: 

0.00017  mm  Hg  (at  20°C) 

Specific  gravity: 

1.978  (at  2Q°C) 

Soluble  in  alcohol,  acetone,  ether,  pine  oil,  and  benzene 

Slightly  soluble  in  water 
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Aldrin 


Table  1.  Physical  and  Chemical  Properties 


Chemical  aame: 

Molecular  weight: 
Molecular  formula: 
Physical  state: 

Melting  point: 

Vapor  pressure: 

Soluble  in  most  organic 
Insoluble  in  water 


1 ,2, 3,4, 10, 10- He xach loro-1 ,4,4a, 5, 8,8a- 
hexahydro-1 ,4,3 , 8-dime thanonaphthalene 
365 

cl2HaCl6 

Brown  to  white  crystalline  solid 
104*C 

0.000006  mm  Hg  (at  20aC) 
solvents 


Chlordane 


Chemical  name: 

Molecular  weight: 
Molecular  formula: 
Physical  state: 

Vapor  pressure: 

Specific  gravity: 
Soluble  in  many  organic 
Solubility  in  water 


1,2, 4, 5, 6, 7, 8, 8-Oc  tachloro-4, 7-methano- 

3a, 4, 7, 7a-tetrahydroindane 

410 

c10«6Clg 

Colorless,  odorless,  viscous  liquid 
0.00001  mm  Hg  (at  20°C) 

1.57-1.67 
solvents 
9  u  g/ 


Chlorpyrifos 


Chemical  name: 

Molecular  weight: 
Molecular  formula: 
Physical  state: 

Melting  point: 

Vapor  pressure: 

Soluble  in  most  organic 
Solubility  in  water: 


0,0-Diethyl  0-( 3 , 5 , 6-tricb loro-2- 

pyridyl)  phosphorothioate 

351 

C9H11CI3NO3PS 

White  crystalline  solid 

42.5-43°C 

1.87  x  10“^  mm  Hg  (at  25°C) 

solvents 

0.0002  g/100  g 


Diel drin 


Chemical  name:  1 , 2 , 3 ,4 , 10 , 10-Hexach 1 oro-6 , 7-epoxy- 

1,4, 4a, 5, 6, 7, 8 ,8a-oc tanydro-1 ,4, 5,8- 
dime  thanonaphthalene 


Molecular  weight: 
Molecular  formula: 
Physical  state: 
Melting  point: 
Vapor  pressure: 


381 

c12h8c16° 

Light-tan,  flaked,  odorless  solid 
175-17b°C 

1.8  x  10“7  mm  Hg  (at  20°C) 


Moderately  soluble  in  aromatic  hydrocarbons,  halogenated 
solvents,  esters,  and  ketones 
Insoluble  in  water,  methanol,  and  aliphatic  hydrocarbons 
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•  Epidemiology  Data.  The  Coonittee  (NRC,  1979)  has  previously 
suggested  an  epidemiologic  study  o£  persons  who  have  been  exposed  to 
chlordane  in  military  housing.  This  group  can  be  followed  more 
readily  than  the  general  population,  because  their  health  records  and 
whereabouts  are  more  easily  traced.  The  Committee  now  recommends 
that,  at  a  minimum,  a  biologic  monitoring  program  be  undertaken  as  a 
first  step  in  a  comprehensive  analysis  of  the  human  health  effects  of 
chlordane.  Concentrations  of  chlordane  and  its  metabolites  in  fat, 
blood,  and  urine  of  persons  known  to  have  lived  in  military  housing 
where  chlordane  was  applied  should  be  measured.  If  data  are 
available,  these  concentrations  before  and  after  exposure  should  be 
compared,  to  learn  whether  there  is  appreciable  accumulation  of 
chlordane  in  the  body.  Observational  data  on  the  health  status  of 
these  persons  should  also  be  obtained.  In  particular,  investigators 
should  look  for  signs  of  neurotoxicity--such  as  seizures,  movement 
disorders,  tremors,  and  chorea — and  for  signs  of  anemia  and  diseases 
of  blood-forming  tissues.  Neurologic  symptoms  appear  to  be  the  most 
sensitive  indicator  of  exposure  in  humans.  It  might  be  possible  to 
develop  a  retrospective  case-control  study  of  those  with  suggestive 
neurologic  symptoms  and  appropriate  matched  controls  (neighbors, 
unaffected  siblings,  etc.),  including  correlation  with  concentrations 
of  the  termiticides  in  tissues  and  in  indoor  air.  Any  of  the  other 
termiticides  for  which  there  are  sufficient  data  on  exposure  in 
military  housing  should  be  investigated  in  a  similar  fashion. 


Coosnittee  suggests  an  interim  guideline  of  10  pg/m3  for  exposures 
not  exceeding  3  yr.  The  Committee  recognizes  the  limitations  of 
extrapolating  from  ingestion  to  inhalation  exposure,  such  as  the 
potential  wide  variability  of  the  respiratory  rate  in  a  heterogeneous 
population  and  the  absence  of  data  with  which  to  estimate  the 
absorption  factor  for  inhaled  chlorpyrifos ,  but  believes  it  to  be  the 
best  available  approach. 

RESEARCH  RECOMMENDATIONS 

The  Committee  strongly  recommends  that  more  definitive  human-health 
data  be  developed  for  a  better  assessment  of  the  risks  of  exposure  to 
tnese  termiticides.  With  increasing  reports  of  human  exposure  to  some 
of  these  termiticides  in  military  and  civilian  housing,  a  clearer 
understanding  of  the  potential  risks  becomes  even  more  important.  To 
provide  a  stronger  data  base  on  which  to  compare  these  materials  more 
fully,  the  following  research  agenda  is  recommended: 

•  Long-Term  Animal- Inhalation  Studies.  The  primary  route  of  human 
exposure  to  the  seven  termiticides  is  inhalation,  and  there  are  only 
minimal  human  or  animal  data  on  this  route.  It  is  possible  that  there 
will  be  variation  between  ingestion  and  inhalation,  e.g.,  in 
pharmacokinetics,  dose  to  critical  organ,  and  toxicologic  end  points. 
Differences  between  routes  of  administration  could  modify  the  relative 
or  absolute  risks  of  these  materials. 

Therefore,  the  Committee  recommends  long-term  inhalation  studies 
of  these  compounds.  Biologic  end  points  to  investigate  include 
neurotoxicity,  carcinogenicity,  effects  on  blood-forming  tissues,  and 
teratogenic  and  reproductive  effects.  Studies  on  the  mechanisms  of 
carcinogenicity  (particularly  the  cyclodienes)  and  neurotoxicity  of 
these  compounds  should  also  be  undertaken.  In  addition,  the  role  of 
metabolism  in  influencing  the  toxic  effects  of  the  termiticides  needs 
to  be  examined  further.  If  resources  are  insufficient  for  the 
immediate  testing  of  all  seven  materials,  the  Committee  suggests  that 
the  first  studies  be  done  with  chlordane,  aldrin,  and  some  of  the 
noncyclodiene  compounds,  such  as  lindane  and  chlorpyrifos.  Heptachlor 
and  dieldrin  would  be  expected  to  yield  results  qualitatively  similar 
to  those  of  chlordane  and  aldrin.  The  Committee  also  suggests 
investigation  of  the  possibility  of  undertaking  these  studies  jointly 
with  other  government  agencies  that  are  responsible  for  testing 
environmental  chemicals. 

•  Airborne  Monitoring.  An  important  consideration  in  assessing 
the  risks  of  the  termiticides  is  knowledge  of  the  airborne 
concentrations  in  residences  after  application.  Published 
quantitative  analytic  data  were  available  to  the  Committee  only  on 
chlordane;  some  preliminary  data  were  available  on  aldrin  and 
dieldrin.  The  Committee  suggests  a  program  to  determine  the  airborne 
concentrations  of  the  termiticides  under  conditions  similar  to  those 
now  found  in  military  housing.  Monitoring  should  be  conducted  over  an 
extended  period  to  delineate  the  effects  of  time,  temperature,  and 
other  variables  on  airborne  concentrations  of  the  termiticides. 
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comparison  of  health  risks,  these  appear  to  be  the  best  available 
data.  Using  these  data,  the  Committee  suggests  interim  guidelines  for 
airborne  heptachlor  and  airborne  aldrin/dieldrin  of  2  and  1  yg/m3, 
respectively,  for  exposures  not  exceeding  3  yr. 

If  it  is  assumed  that  all  tbis  inhaled  material  would  be  absorbed 
into  the  blood,  the  guidelines  for  airborne  exposure  compare  favorably 
with  the  blood  concentrations  associated  with  no  observed  adverse 
effects.  For  example,  with  100  percent  absorption  and  assuming  a 
blood  volume  of  5  L  and  a  daily  volume  of  inspired  air  of  20  m3, 
exposure  of  dieldrin  at  1  yg/m3  would  result  in  a  blood 
concentration  of  4  ug/L.  This  is  probably  a  conservative  estimate,  in 
that  it  is  not  likely  that  100  percent  of  the  inhaled  material  would 
be  absorbed  in  the  blood.  Even  with  the  possibility  of  accumulation 
from  repeated  exposure  taken  into  account,  Hunter  e_t  al.  (1969) 
reported  that,  in  volunteers  given  HE0D  (pure  dieldrinT  at  50  wg/d  for 
up  to  2  yr,  the  blood  concentration  was  only  5. 0-8. 6  yg/L.  A  blood 
concentration  of  4  yg/L  is  considerably  less  than  the  concentration  of 
105  ug/L  reported  to  be  a  no-adverse-effect  concentration  for  humans 
(Jager,  1970). 

Lindane 


Because  the  carcinogenicity  data  on  lindane  are  equivocal,  the 
Committee  does  not  believe  that  this  information  should  be  used  as  a 
basis  for  suggesting  a  guideline  for  airborne  exposure  to  lindane 
relative  to  exposure  to  chlordane.  In  the  absence  of  other  data  for 
estimation  of  tne  risks  of  exposure  to  airborne  lindane  and  because 
lindane  is  not  now  used  to  control  termites  in  military  housing,  the 
Comnittee  does  not  suggest  a  guideline  for  airborne  exposure. 

Pentachlorophenol 

Pentacnlorophenol  is  rarely  used  to  control  subsurface  termites 
through  soil  application  or  injection,  but  rather  is  applied  directly 
to  wood.  Because  of  the  wide  use  of  pentachlorophenol  in  ways  other 
than  as  a  termiticide,  because  it  is  not  now  used  to  control  termites 
in  military  housing,  because  of  its  complex  toxicity,  and  in  the 
absence  of  definitive  information  on  effects  of  long-term  exposure  to 
airborne  pentachlorophenol,  the  Committee  does  not  suggest  a  guideline 
for  airborne  exposure. 

Chlorpyrifos 

The  Committee  previouly  suggested  a  guideline  for  airborne 
chlorpyrifos  of  100  yg/n»3,  applicable  for  90-d  continuous  exposure 
of  Navy  personnel  in  submarines  (NRC,  1978).  That  guideline  was  based 
on  data  from  ingestion.  In  the  absence  of  data  on  effects  of 
long-term  exposure  to  airborne  chlorpyrifos,  the  Committee  concludes 
that  the  ingestion  studies  offer  the  best  available  information  from 
which  to  derive  a  guideline.  However,  because  the  population  in 
military  housing  is  more  heterogeneous  than  that  in  submarines,  the 
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achieving  the  suggested  airborne  concentrationa  vaa  not  taken  into 
account.  However,  every  effort  ahould  be  made  to  minimize  expoaure  to 
the  greateat  extent  feaaible.  In  deciding  which,  if  any,  of  the 
tenaiticidea  are  moat  appropriate  for  uae  in  military  houaing,  one 
ahould  take  into  account  not  only  the  toxicity  and  auggeated  airborne 
expoaure  limita,  but  alao  other  factora  that  would  influence  the 
extent  of  expoaure  and  hazard.  Some  of  theae  factora  are  diacuaaed 
briefly  in  thia  report;  they  include  vapor  preaaure,  peraiatence  in 
Che  environment,  and  amount  of  material  that  needa  to  be  applied.  The 
auggeated  guidelinea  for  airborne  expoaure  ahould  be  reviewed  again  aa 
aoon  aa  additional  health-effecta  data  become  available. 

Cnlordane 

In  1979,  Che  Committee  on  Toxicology  (NRC,  1979)  auggeated  an  interim 
guideline  for  airborne  chlordane  of  5  yg/m),  Thia  waa  a 
pragmatically  derived  concentration  that  waa  baaed  on  known 
concentrationa  of  cnlordane  in  Air  Force  houaing,  on  a  review  of 
reported  health  complainta  of  reaidenta  of  contaminated  homea,  and  on 
a  compariaon  with  tne  acceptable  daily  intake  derived  from  long-term 
animal -feeding  studies.  The  Committee  atreaaed  that  additional  data 
were  needed  to  asseaa  fully  the  human  health  risks  of  exposure  to 
chlordane.  In  particular,  the  Committee  recommended  in  1979  an 
epidemiologic  study  of  persona  who  had  resided  in  military  housing 
that  had  been  contaminated  in  several  previous  episodes.  The 
Committee  recommended  that  attempts  be  made  to  correlate  health 
effects  wich  blood  concentrations  of  chlordane. 

From  an  extensive  review  of  the  literature,  the  Conmittee  has 
concluded  that  there  are  no  new  data  that  justify  a  change  in  the 
currently  suggested  airborne  concentration  of  chlordane.  The  one 
recent  epidemiologic  study  (Shindell  and  Associates,  1980)  had 
limitations,  including  a  lack  of  reporting  of  airborne  concentrations 
of  chlordane  and  a  sample  size  that  limited  the  ability  to  detect 
small  responses  in  the  population.  Although  this  study  suggested  a 
trend  in  standard  mortality  ratios  for  deaths  due  to  cancer  in  workers 
with  increasing  duration  of  employment  and  chlordane  was  shown  to 
produce  hepatomas  in  mice  (NCI,  1977a),  these  reports  do  not  provide 
information  on  tne  health  risks  in  humans  and  animals  associated  wich 
various  degrees  of  exposure  to  airborne  chlordane.  Because  of  the 
shortcomings  of  current  data  and  in  view  of  the  request  that  more 
definitive  data  be  developed,  the  airborne  concentration  for  chlordane 
of  5  ug/m^  anould  be  regarded  aa  an  interim  guideline  for  exposures 
not  exceeding  3  yr.  This  3-yr  period  is  suggested  with  the 
expectation  that  it  will  provide  adequate  time  for  the  needed  health 
data  to  begin  developing. 

Heptachlor,  Aldrin,  Dieldrin 
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chlordane.  However,  it  is  much  more  volatile  than  chlordane  and 
persists  in  the  environment  only  about  half  as  long  as  chlordane. 
Therefore,  lindane  would  have  to  be  applied  more  often  to  be  as 
effective,  and  this  would  increase  the  potential  for  human  exposure  to 
it. 

In  humans,  pentachlorophenol  also  affects  the  central  nervous 
system.  Effects  include  loss  of  appetite,  respiratory  difficulty, 
anestnesia,  hyperpyrexia,  sweating,  dyspnea,  and  coma.  Animals 
exhibit  symptoms  associated  with  uncoupling  of  oxidative 
phosphorylation.  In  addition,  pathologic  changes  in  the  liver  and 
kidneys  have  been  observed.  Unlike  the  other  chlorinated  hydrocarbons 
discussed  here,  pentachlorophenol  has  not  been  shown  to  be 
carcinogenic  (although  it  was  not  tested  under  the  same  conditions). 
However,  it  has  produced  embryotoxicity  and  fetotoxicity  in  rats. 
Pentachlorophenol  is  not  as  persistent  as  chlordane  and  therefore 
would  have  to  be  applied  more  often  to  be  as  effective.  This  would 
increase  the  likelihood  of  toxic  effects,  particularly  from  acute 
exposure. 

Chlorpyrifos  presents  a  somewhat  different  situation.  Being  an 
organo phosphate,  it  is  in  a  different  chemical  class  from  the  other 
pesticides  discussed  here.  The  principal  effect  in  humans  and  animals 
exposed  for  short  periods  is  a  reduction  in  plasma  and  red-cell 
cholinesterase  activity.  There  is  no  information  on  effects  of 
long-term  exposure  of  humans.  The  only  observed  effect  in  animals 
exposed  for  long  periods  was  a  decrease  in  cholinesterase  activity. 
Carcinogenicity  of  chlorpyrifos  has  not  been  observed  in  various 
animal  species  tested  (although  it  was  not  tested  under  the  same 
conditions  as  the  other  termiticides) .  Although  the  risk  of  chronic 
effects  may  not  be  as  great  as  that  for  chlordane,  a  potential  for 
acute  effects  exists.  Because  chlorpyrifos  is  not  as  persistent  as 
cnlordane  and  needs  to  be  applied  more  often  to  be  effective,  there  is 
a  potential  for  higher  airborne  concentrations ,  which  could  increase 
the  likelihood  of  acute  effects. 


RECOMMENDATIONS 

GUIDELINES  FOR  AIRBORNE  EXPOSURE 


The  airborne  exposure  limits  suggested  here  are  intended  to  provide 
guidance  in  estimating  the  health  risks  of  the  pesticides  in  military 
housing.  These  are  not  standards  like  those  suggested  by  the 
Occupational  Safety  and  Health  Administration,  and  they  do  not 
guarantee  absolute  safety.  Given  the  available  data  and  tne  fact  that 
under  conditions  of  prolonged  exposure  of  families  in  military  housing 
there  may  be  persons,  such  as  young  children,  who  in  general  are  more 
susceptible  to  environmental  insults,  the  Committee  concluded  that  it 
could  not  determine  a  level  of  exposure  to  any  of  the  termiticides 
below  which  there  would  be  no  biologic  effects.  The  exposure  limits 
were  derived  on  the  basis  of  health  considerations  and  reflect  the 
combined  judgment  of  the  Committee  members;  the  feasibility  of 


significantly  different  from  that  in  controls,  if  there  were  SO 
animals  per  exposure  group.  Lindane  would  possibly  not  produce  more 
tumors  than  in  controls  at  15.8  ppm.  Therefore,  under  the  test 
conditions  used  for  chlorpyrifos,  chlordane  and  lindane  might  also 
have  given  negative  results  for  carcinogenicity.  Obviously,  one 
cannot  predict  from  these  data  the  behavior  of  chlorpyrifos  in  B6C3F1 
mice  or  in  CO-1  mice  at  higher  dosages. 

Data  on  the  carcinogenicity  of  pentachlorophenol  are  not  adequate 
for  comparison  with  the  other  termiticides. 


OVERALL  ASSESSMENT  OF  RISKS 


The  four  cyclodiene  termiticides  are  similar  in  overall  health  risk. 
Exposure  of  humans  to  cyclodienes  produces  effects  on  the  central 
nervous  system,  characterized  by  seizures,  tremor,  and 
incoordination.  CNS  effects  have  been  observed  in  cases  of  acute 
poisoning,  as  well  as  after  exposure  for  longer  periods.  But  data  on 
chronic  exposure  are  sparse,  and  there  is  no  information  on  effects  of 
long-term  exposure  at  low  airborne  concentrations.  A  recent 
epidemiologic  study  of  workers  producing  chlordane  suggested  that 
exposure  has  no  long-term  effects.  However,  there  were  shortcomings 
in  the  study,  and  more  complete  data  are  needed  before  firm 
conclusions  with  regard  to  long-term  health  risks  can  be  reached. 

Each  of  the  four  cyclodienes  has  produced  hepatocellular 
carcinomas  in  mice.  The  carcinogenic  risx  varies  to  some  extent;  NCI 
mouse  bioassays  have  suggested  that  aldrin,  dieldrin,  and  heptachlor 
have  a  greater  carcinogenic  risk  than  chlordane.  However,  the 
difference  is  not  sufficient  to  make  one  termiticide  more  desirable 
than  another  solely  on  the  basis  of  health  risk.  In  addition,  these 
three  pesticides  are  no  more  effective,  and  may  even  be  less 
effective,  for  control  of  termites  than  chlordane.  Another  factor  to 
be  considered  in  comparing  termiticides  is  the  expected  airborne 
concentration  after  application.  Chlordane  is  the  only  one  of  these 
termiticides  on  which  published  analytic  data  were  available  to  the 
Committee,  althougn  some  preliminary  data  were  available  on  aldrin  and 
dieldrin.  Vapor  pressure  can  provide  some  additional  indication  of 
expected  airborne  concentration.  Aldrin  and  dieldrin  are  less 
volatile  than  chlordane.  Therefore,  although  chlordane  has  a  smaller 
carcinogenic  risk,  the  possibility  of  greater  airborne  concentration 
might  result  in  a  greater  hazard  than  would  be  expected  from  health 
data  alone. 

Lindane  also  has  toxic  effects  on  the  central  nervous  system  in 
huv as.  Signs  of  poisoning  include  tremors,  ataxia,  convulsions,  and 
prostration.  Violent  tonic  and  clonic  convulsions  have  occurred  in 
severe  cases.  In  animals,  exposure  to  lindane  has  produced  diarrhea, 
hypothermia,  hyperirritability,  incoordination,  and  convulsions. 
Extended  exposure  has  produced  nervous  symptoms  and  fatty  degeneration 
of  the  liver.  Carcinogenicity  data  on  lindane  have  been  equivocal. 

On  Che  oasis  of  Che  ED}q  estimated  from  Che  NCI  mouse  bioassay,  the 
carcinogenic  risk  of  lindane  is  considerably  less  chan  that  of 
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estimated  for  these  pesticides  (NRC,  1977b).  The  upper  bounds  on 
lifetime  cancer  risk  are  shown  in  Table  7  and  are  expressed  as 
probabilities  of  cancer  after  lifetime  daily  consumption  of  1  L  of 
water  containing  1  yg  of  the  compound.  They  have  been  corrected  for 
species  conversion  on  the  basis  of  dose  per  unit  surface  area;  other 
conversion  factors,  such  as  dose  per  kilogram  of  body  weight,  also  are 
available.  The  estimates  of  cancer  risk  were  derived  by  using  a 
probabilistic  multistage  model.  At  low  doses,  this  model  is  often 
mathematically  equivalent  to  the  linear  or  single-hit  model.  If  the 
precise  mechanism  of  carcinogenesis  is  represented  by  a  threshold  or 
log-normal  dose-response  relationship,  the  multistage  model  may 
considerably  overestimate  the  risk  at  low  doses.  However,  this 
possibility  cannot  be  reasonably  quantified.  Use  of  different 
risk-assessment  procedures  could  yield  quite  different  estimates,  and 
they  rely  to  some  extent  on  subjective  judgment  about  the  nature  of 
the  dose-response  curves  beyond  the  experimental  data  and  on 
assumptions  about  the  unknown  effects  of  potential  species  differences 
in  metabolism,  physiology,  and  carcinogenic  processes.  Because  of 
tnese  uncertainties,  some  are  of  tne  opinion  that  the  magnitude  of 
cancer  risk  cannot  be  reliably  estimated  (NRC,  1977a). 

An  additional  limitation  in  interpret  ng  the  carcinogenicity  data 
is  that  the  route  of  exposure  in  the  bioassays  is  ingestion,  whereas 
inhalation  is  the  primary  route  of  exposure  of  humans  from  pesticide 
use  in  termite  control.  However,  within  this  limitation  and  with  the 
EDios  and  upper  95  percent  confidence  bounds  ~>n  lifetime  cancer 
risk,  one  can  assess  the  relative  carcinogenic  risk  of  these 
pesticides.  The  ranking  from  greatest  risk  to  least  risk  would  be: 
aldrin,  dieldrin  >  heptachlor  >  chlordane  >  lindane. 

The  carcinogenic  potential  of  chlorpyrifos  was  investigated  in 
CD-I  mice  to  which  the  compound  was  administered  in  the  diet  for  2 
yr.  There  were  no  tumors  related  to  administration  of  chlorpyrifos. 
Direct  comparison  of  the  chlorpyrifos  data  with  those  on  the 
chlorinated  hydrocarbon  termiticides  tested  in  the  NCI  bioassay  is  not 
possible,  because  different  strains  of  mice  were  used  and  a  maximum 
tolerated  dose  was  not  used.  One  could  make  some  comparison  by 
estimating  the  hepatocellular-carcinoma  rates  above  background  in 
B6C3F1  mice  for  these  compounds  at  the  highest  dosage  of  the 
chlorpyrifos  study.  At  15.8  ppm,  which  did  not  produce  tumors  in  CD-I 
mice  exposed  to  chlorpyrifos,  the  following  estimates  would  be 
obtained: 


Compound 


Estimated  proportion  of  95  percent  confidence 
animals  with  tumors  _  limits 


Lindane 

Chlordane 

Heptachlor 


0.016 

0.10 

0.6 


0-0.03 
0.06-0.14 
0.4-0. 8 


Aldrin  and  dieldrin  are  not  included,  because  15.8  ppm  is  above 
the  maximum  tolerated  dose.  At  15.8  ppm,  heptachlor  would  be  expected 
to  yield  a  high  rate  of  hepatocellular  carcinoma.  The  estimated  tumor 
rate  of  10  percent  for  chlordane  would  not  be  expected  to  be 
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CONCLUSIONS  AND  RECOMMENDATIONS 


la  evaluating  a  group  of  materials  that  have  similar  applications, 
several  criteria  should  he  considered.  In  the  current  situation, 
where  seven  pesticides  are  registered  for  control  of  subsurface 
termites,  the  Committee  has  been  asked  to  assess  which,  if  any,  of  the 
materials  are  most  appropriate  for  use  in  military  bousing  from  the 
standpoint  of  health  risks.  Table  4  sunmarizes  some  of  the  important 
factors  that  the  Committee  has  considered.  Health-effects  information 
of  primary  importance  includes  the  critical  responses  in  humans  and 
acute  and  chronic  effects  in  animals.  The  environmental  end  points  in 
Table  4  affect  the  hazard  of  these  materials  by  influencing  the 
possible  extent  of  exposure.  Vapor  pressure,  persistence  in  the 
environment,  and  amount  of  material  that  needs  to  be  applied  for 
optimal  effectiveness  all  influence  the  potential  airborne 
concentrations  in  residences.  Because  chlordane  is  the  most  widely 
used  termiticide  in  military  housing,  the  following  comparisons  of 
risk  are  made  with  reference  to  it. 


COMPARISON  OF  CARCINOGENIC  RISK 


There  are  insufficient  data  to  determine  whether  carcinogenicity  is 
the  critical  biologic  end  point  in  humans  exposed  to  these  pesticides, 
but  available  animal  data  allow  some  useful  comparisons  of  risk. 
Chlordane,  heptachlor,  aldrin,  dieldrin,  and  lindane  have  been  tested 
in  the  National  Cancer  Institute  carcinogenesis  bioassay  screening 
program,  as  discussed  earlier.  Similar  experimental  protocols  were 
used  for  each.  Both  sexes  of  Osborne-Mendel  rats  were  fed  the 
chemicals  in  the  diet  for  up  to  80  wk  and  observed  for  approximately 
30  wk  more  before  sacrifice.  Both  sexes  of  B6C3F1  mice  were  exposed 
to  the  chemicals  in  the  diet  for  up  to  80  wk  and  then  observed  for 
another  10-13  wk.  The  only  consistent  tumorigenic  response  was  the 
occurrence  of  nepatocellular  carcinomas  in  the  male  mice.  This  end 
point  was  used  for  the  comparison  of  the  carcinogenic  activity  of 
these  cnemicals.  The  experimental  data  are  summarized  in  TaDle  5. 

The  EDiq  (dosage  producing  a  liver  tumor  incidence  10  percent 
above  background)  was  calculated  for  each  termiticide  with  a  procedure 
given  by  Crump  ej:  aK  (1977).  The  EDjg  was  chosen  because  it  is  the 
lowest  effective  dosage  that  can  be  estimated  with  satisfactory 
precision,  owing  to  the  size  of  the  experimental  groups.  Estimates  of 
the  EDiqs  and  their  95  percent  confidence  limits  are  in  Table  6. 
Chlordane  had  an  EDjg  of  16  ppm.  Heptachlor,  aldrin,  and  dieldrin 
had  approximately  the  same  carcinogenic  activity  and  were  more  potent 
in  this  bioassay  than  chlordane,  on  the  basis  of  their  ED}gs. 

Lindane  showed  the  lowest  carcinogenic  activity.  On  the  basis  of  the 
ED}g,  chlordane  is  approximately  6  times  (103:16)  as  carcinogenic  as 
1 indane . 

Lifetime  cancer  risk  and  upper  95  percent  confidence  bounds  on 
lifetime  cancer  risk  at  low  doses  have  also  been  statistically 
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Tranf ormation  of  chlorpyrifoa  Co  3,5,6-trichloro-2-pyridinol,  one 
of  Che  major  mecabolicea  in  rats,  results  in  a  far  leaa  toxic  produce 
CbaC  ia  readily  removed  in  Che  urine.  The  oral  U>5Qa  of  ehia 
hydrolyaia  produce  are  794  mg/kg  for  raCa  and  over  1,000  mg/kg  for 
chickena,  compared  with  oral  LD50S  of  chlorpyrifoa  of  138-245  mg/kg 
for  raCa  and  35  mg/kg  for  chickena  (Miyazaki  and  Hodgaon,  1972;  WHO, 
1973). 


EXISTING  GUIDELINES  AMD  STANDARDS 

ACGIH  (1981)  haa  recommended  a  TLV-TWA  of  0.2  mg/oP  and  a  TLV-STEL 
of  0.6  mg/or*  for  chlorpyrifoa.  Ic  vaa  noted  thac  chlorpyrifoa  ia 
abaorbed  through  Che  akin  and  Chat  dermal  expoaure  should  therefore  be 
avoided.  ACGIH  (1980)  cited  data  from  long-term  feeding  studies  in 
dogs  and  rats  and  short-term  feeding  studies  in  humans  that  delineated 
tne  effects  on  cholinesterase  activity  and  concluded  that  0.2  mg/m3 
"provides  a  very  wide  margin  of  safety  in  preventing  cholinergic 
symptoms  or  organic  injury." 

The  NRC  Committee  on  Toxicology  (1978),  in  a  review  of 
chlorpyrifoa,  used  an  extrapolation  from  ingestion  to  inhalation 
exposure  to  suggest  an  appropriate  airborne  concentration  in 
submarines.  If  it  is  assumed  that  a  given  amount  of  chlorpyrifoa  has 
the  same  effect  by  inhalation  as  by  ingestion  and  if  average  values 
for  minute  volume  and  body  weight  are  used,  the  approximate 
no-adverse-effect  level  from  airborne  exposure  can  be  calculated.  If 
one  assumes  a  minute  volume  of  25  L/min  aa  the  average  for  a  man  doing 
light  to  medium  work  for  12  h  and  7  L/min  while  he  is  at  rest  (Altman 
and  Dittmer,  1974)  and  a  no-adverse-effect  level  for  plasma  and 
red-cell  cholinesterase  activity  for  humans  of  0.03  mg/kg,  the 
approximate  no-adverse-effect  airborne  concentration  for  a  70-kg  man 
would  be  0.1  mg/m3. 

The  value  of  an  extrapolation  of  this  nature  is  obviously  limited 
by  the  validity  of  its  assumptions.  However,  with  the  limited  amount 
of  inhalation  data  available,  it  provided  the  best  approximation  of 
the  exposure-effect  relationship  for  chlorpyrifoa;  and  there  is  a 
built-in  safety  factor,  in  that  it  assumes  that  100  percent  of  the 
inhaled  chlorpyrifoa  is  absorbed. 

To  prevent  significant  decreases  in  cholinesterase  activity,  which 
could  cause  functional  alterations,  a  90-d  continuous  exposure  limit 
for  chlorpyrifoa  of  0.10  mg/nP,  derived  from  the  no-adverse-effect 
level  for  ingestion,  was  recommended  by  the  NRC  Committee  on 
Toxicology  (1978).  The  recommendation  assumed  that  exposure  to 
chlorpyrifoa  would  be  only  by  inhalation. 


-  41 


or  10  ng/kg;  however,  no  teratogenic  effects  were  observed  at  any  of 
these  dosages. 

Mutagenicity 

The  mutagenic  potential  of  chlorpyrifos  was  investigated  in  several 
strains  of  Salmonella  typhimurium  and  Escherichia  col i  with  a  rat 
liver  metabolic-activation  system  (Poole  ej:  aK  ,  1977;  Shirasu  et  al . , 
1976).  The  results  were  negative  in  each  of  the  tests. 

Toxicokinetics 


Chlorpyrifos  metabolism  has  been  investigated  in  a  few  species.  When 
rats  were  given  a  single  5~mg  dose  of  chlorpyrifos  labeled  with 
carbon-14  by  stomach  tube,  86.4  percent  of  the  total  dose  was 
recovered  in  the  urine  within  48  h  (Bakke  e£  al . ,  1976).  Compounds 
identified  in  the  urine  included  the  glucuronide  of 

3.5.6- trichloro-2-pyridinol  (80  percent),  3,5,6-trichloro-2-pyridinol 
(13  percent),  and  3,5,6-trichloro-2-pyridinol  glucoside  (4  percent). 
Smith  et  £1^.  (1967)  found  that  90  percent  of  the  radioactivity  from  a 
10— mg  dose  of  chlorpyrifos  labeled  with  chlorine-36  administered  to 
rats  by  stomach  tube  was  recoverable  in  24  h — 90  percent  of  it  in  the 
urine  and  10  percent  in  the  feces.  Isolated  metabolites  included 

3.5.6- trichloro-2-pyridyl  phosphate  (75-80  percent), 

3.5.6- trichloro-2-pyridinol  (15-20  percent),  and  chlorpyrifos 
(traces).  The  authors  found  little  accumulation  of  chlorpyrifos  in 
any  tissue  except  fat.  The  biologic  half-lives  were  10  h  in  the 
liver,  12  h  in  the  kidney,  16  b  in  skeletal  muscle,  and  62  h  in  fat. 

The  principal  urinary  metabolites  of  chlorpyrifos  in  cows  were 
found  to  differ  from  those  in  rats.  When  a  lactating  cow  was  fed 
chlorpyrifos  in  the  diet  at  5  ppm  per  day  for  4  d,  desethylated 
chlorpyrifos  derivatives  were  not  found  (Gutenmann  et  al.,  1968). 
Instead,  diethy 1 methyl  thiophosphate  (35.9  percent  of  total  dose)  and 
diethylmethyl  phosphate  (26.8  percent)  were  recovered  in  the  urine, 
and  chlorpyrifos  (1.7  percent)  was  found  in  the  feces.  No  traces  of 
chlorpyrifos  were  found  in  Che  milk.  In  another  study  on  lactating 
cows  (McKellar  et  aK,  1976),  chlorpyrifos  was  given  in  the  diet  at 
0.3,  1,  3,  10,  and  30  ppm  consecutively,  each  for  14  d.  Milk  and 
cream  samples  were  collected  throughout  tne  experiment.  Chlorpyrifos 
was  detected  in  the  milk  at  0.01  ppm  for  the  30-ppm  concentration  and 
at  less  than  0.01  ppm  for  the  other  dietary  concentrations.  Higher 
concentrations  of  chlorpyrifos  were  found  in  Che  cream,  and  the 
residues  increased  with  increasing  dietary  content.  The 
concentrations  of  chlorpyrifos  in  the  cream  were  less  than  0.01  ppm  at 
a  dietary  concentration  of  3  ppm  or  lower,  0.03  ppm  at  10  ppm,  and 
0.10  ppm  at  30  ppm.  The  residues  of  3,5,6-trichloro-2-pyridinol  in 
the  milk  were  less  than  0.01  ppm  ar  iietary  concentration  of  10  ppm 
or  less  and  0.01  ppm  at  30  ppm,  ana  all  cream  samples  had  pyridinol  at 
less  Chan  0.025  ppm.  The  oxygen  analogue  of  chlorpyrifos,  which  is  a 
more  potent  cholinesterase  inhibitor  than  the  parent  compound,  was 
detected  at  less  tnan  0.01  ppm  in  all  milk  and  cream  samples. 
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is  32-34.8  mg/kg  (Gray,  1965;  Miyazaki  and  Hodgaon,  1972);  for  guinea 
piga,  500  mg/kg  (Gray,  1965);  and  for  rabbita,  1,000-2,000  mg/kg 
(Gray,  1965).  Information  on  the  dermal  effecta  of  cblorpyrifoa, 
although  minimal,  auggeata  that  precautiona  should  be  taken  to  prevent 
akin  contact.  Prolonged  dermal  expoaure  of  rabbita  to  chlorpyrifos 
resulted  in  burning,  hardening  of  the  akin,  swelling,  and  hyperemia 
(WHO,  1973). 

Inhalation  studies  in  animals  have  examined  the  effects  of 
chlorpyrifos  on  cholinesterase  activity.  Dogs,  rats,  sheep,  and  pigs 
exposed  to  a  "thermal  fog"  or  "wet-mist  fog"  spray  containing 
chlorpyrifos  at  145  mg/m^  for  an  unspecified  period  showed  no 
inhibition  of  cholinesterase  (Gray,  1965).  Rats  that  received 
chlorpyrifos  at  0.007  mg/m^  for  sixteen  7-h  exposures  over  a  21-d 
period  exhibited  no  decrease  in  blood  cholinesterase  activity 
(Torkelson,  1965). 

Chronic  Exposure  and  Carcinogenicity 

Although  no  data  were  found  on  the  effecta  of  long-term  inhalation  of 
chlorpyrifos,  long-term  feeding  studies  in  animals  have  determined 
no-adverse-effect  levels  with  regard  to  cholinesterase  inhibition. 
Groups  of  rats  and  dogs  received  chlorpyrifos  in  the  diet  for  2  yr  at 
0-3  mg/kg  of  body  weight  per  day,  and  plasma  and  red-cell 
cnolinesterase  activity  was  measured  at  various  intervals  (McCollister 
et  al;  1974).  Dosages  of  0.1  mg/kg  per  day  or  less  had  no  effect  on 
^Tasma  and  red-cell  cholinesterase  activity  in  rats,  whereas  0.03 
mg/kg  per  day  was  the  largest  dose  tested  that  had  no  measurable 
effect  in  dogs.  Higher  dietary  concentrations  of  chlorpyrifos  caused 
significant  decreases  in  cholinesterase  activity.  Mo  signs  of 
toxicity  were  observed  in  any  of  the  animals  during  the  experiment. 

In  another  long-term  study  (Warner  et  aK ,  1980),  CD-I  mice  were 
given  chlorpyrifos  in  the  diet  at  0.85,  6.72,  and  15.8  ppm 
(approximately  0.05,  0.5,  and  1.5  mg/kg  of  body  weight  per  day, 
respectively)  for  105  wk.  There  was  no  significant  effect  on 
behavior,  mortality,  food  consumption,  body  weight,  or  organ  weight  in 
treated  animals,  compared  with  controls.  A  variety  of  tumors  (such  as 
lung,  liver,  and  lymphoreticular)  and  other  lesions  (such  as 
inflammation  and  hyperplasia)  were  observed  in  control  and  treated 
mice.  There  appeared  to  be  no  tumors  directly  related  to 
administration  of  chlorpyrifos. 

Teratogenicity  and  Reproductive  Effects 

Pregnant  CF-1  mice  were  given  chlorpyrifos  by  gavage  at  0,  1,  10,  or 
25  mg/kg  on  days  6-15  of  gestation  (Deacon  e_t  ,  1980).  Severe 
maternal  toxicity  was  observed  at  25  mg/kg,  and  there  was  a  decrease 
in  plasma  and  red-cell  cholinesterase  activity  at  all  dosages, 
compared  with  controls.  Fetotoxicity  was  also  reported  at  25  mg/kg, 
and  there  was  an  increase  in  exencephaly  at  1  mg/kg,  but  not  at  10  or 
25  mg/kg.  The  authors  repeated  the  experiment  with  dosages  of  0,  0.1, 
1,  and  10  mg/kg.  There  was  a  decrease  in  cholinesterase  activity  at  1 
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other  workers  had  much  smaller  decreases  (7  percent  and  15  percent), 
and  cholinesterase  activity  was  not  measured  in  the  seventh  worker. 
Continued  exposure  for  an  additional  4  d  did  not  result  in  further 
decrease  in  plasma  cholinesterase  activity.  Inhibition  of  the  enzyme 
was  reversible:  37  d  after  exposure  ended,  the  activity  was  similar  to 
or  greater  than  the  preexposure  activity  in  six  of  the  seven  workers. 
The  four  men  who  served  as  unexposed  controls  exhibited  little  change 
in  plasma  cholinesterase  activity  during  the  2-wk  observation  period 
concomitant  with  the  exposure  period  of  the  exposed  workers.  From  the 
data  supplied  on  the  number  of  gallons  of  chlorpyrifos  that  each 
worker  sprayed,  it  was  evident  that  the  decrease  in  plasma 
cholinesterase  activity  was  generally  related  to  the  amount  of 
material  to  which  a  worker  was  exposed.  No  clinical  manifestations  of 
toxicity  were  observed  in  any  of  the  workers  in  the  three  groups 
exposed  to  chlorpyrifos. 

Coulston  ejt  al_.  (1972)  gave  groups  of  four  men  chlorpyrifos  orally 
at  0.014  mg/kg  of  body  weight  per  day  for  28  d,  0.03  mg/kg  per  day  for 
21  d,  or  0.10  mg/kg  per  day  for  b  d.  Chlorpyrifos  at  0.014  or  0.03 
mg/kg  per  day  had  no  significant  effect  on  plasma  and  red-cell 
cholinesterase  activity;  nor  were  any  other  effects  observed.  A 
dosage  of  0.10  mg/kg  resulted  in  a  decrease  in  plasma  cholinesterase 
activity  of  34  percent  of  baseline  in  9  d,  and  treatment  was 
stopped.  Cholinesterase  activity  returned  to  preexposure  values 
within  4  wk. 

Chlorpyrifos  can  be  absorbed  through  tne  skin  to  produce  toxic 
effects;  however,  prolonged  exposure  appears  necessary  for  appreciable 
absorption  to  take  place.  When  chlorpyrifos  in  a  xylene  solution  was 
applied  to  the  skin  of  volunteers  for  12  h  at  50,  7.5,  5.0,  3.0,  1.5, 
and  1.0  mg/kg,  no  effects  on  plasma  or  red-cell  cholinesterase 
activity  were  observed  (Kilian  et  aK ,  1970;  Pennington  and  Edwards, 
1971).  Some  changes  were  noticed  when  chlorpyrifos  was  given  for 
several  12-h  periods  with  12-h  intervals  between  exposures.  A  woman 
given  three  dermal  applications  of  chlorpyrifos  at  25  mg/kg  of  body 
weight  had  decreases  in  plasma  cholinesterase  activity  of  67  percent 
and  47.5  percent  (compared  witn  preexposure  activity)  12  and  60  h, 
respectively,  after  the  final  application.  Another  woman  was  given  20 
dermal  applications  at  5  mg/kg;  she  exhibited  no  decrease  in  plasma 
cholinesterase  activity  during  the  exposure  period,  but  a  decrease  of 
64.3  percent  12  h  after  the  last  exposure.  No  effects  on  red-cell 
cholinesterase  were  detected  in  either  subject;  by  7.5  d  after  the 
exposures  ended,  plasma  cholinesterase  activity  had  returned  to  normal. 

EFFECTS  IN  ANIMALS 


Acute  Exposure 

LD5Q  values  for  rats  indicate  that  chlorpyrifos  is  absorbed  through 
the  skin  in  appreciable  amounts.  The  dermal  LDjy  for  male  rats,  202 
mg/kg,  is  in  the  range  of  tne  oral  LDjq,  138-245  mg/kg  (Gaines, 

1969;  Gray,  1965;  McCollister  £t  £lj  1974).  Studies  in  other  animals 
have  shown  a  wide  range  of  sensitivity.  The  oral  LDjg  for  chickens 
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Table  3.  Standard  Mortality  Ratios*  in  White  Males  Employed  for  Various 
Periods  between  January  1,  1946,  and  December  31,  1979,  at 
Velaicol  Chemical  Corporation,  Marshall,  Illinois0 


Minimal  Periods 
of  Employment 

Deaths 

from 

All  Causes 

Deaths 

from 

Cancer 

Deaths  from 
Heart  Disease 

Deaths  from 

All  Other  Causes 

3  mo 

0.84c 

0.79 

1.02 

0.65 

1  yr 

0.84a 

0.87 

0.98 

0.65 

5  yr 

0.90 

0.97 

1.04 

0.68 

10  yr 

0.86 

1.03 

0.99 

0.56 

15  yr 

0.87 

1.12 

0.92 

0.62 

20  yr 

0.87 

1.06 

0.83 

0.78 

•Standard  mortality  ratio  ■  ratio  of  observed  to  expected,  i.e., 
(no.  observed  Marshall  deaths)/(no.  calculated  expected  deaths). 
^Reprinted  with  permission  from  Shindell  and  Associates,  1980. 
Statistically  significant,  £<  0.01. 

Statistically  significant,  £<  0.0S. 
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Table  4.  Summary  Data  on  Sevea  Pesticides 


BIOLOGIC  END  POINTS 


Oral  LD50  Observed  Observed  Critical 

for  Rats,  Critical  Effects  EDjq  for  Target  Site  for 


Pesticide 

mg/kg 

in  Animals 

Mice,  ppm 

Human  Exposure 

Aldrin* 

46-63 

CNS  symptoms, 
hepatoma 

3.1 

Central  nervous 

system 

Dieldrin* 

38-52 

CNS  symptoms, 
hepatoma 

3.6 

Central  nervous 
system 

Ch 1 ordane* 

335-430 

CNS  symptoms, 
hepatoma 

16 

Central  nervous 
system 

Heptachlor* 

100-160 

CNS  symptoms, 
hepatoma 

5 

Central  nervous 
system 

Lindaneb 

125-230 

CNS  symptoms, 
liver  toxicity 

103 

Central  nervous 
system 

Pentachlorophenolb 

146-174 

CNS  symptoms, 
embryotoxicity 

•• 

Central  nervous 
system 

Chlorpyrifosc 

138-245 

Cholinesterase 

inhibition 

ENVIRONMENTAL  END 

Reported 

Airborne 

POINTS 

Amount  of 
Active 

Plasma 

chol inesterase 

Persistence 

Volatility 

,  Concentrations, 

Ingredient ,d 

After 

Pesticide 

mm  Hg 

Ug/®3 

lb/gal 

Application,  yr 

Aldrin* 

0.000006 
(at  20“C) 

e 

0.04 

20 

Dieldnn* 

0.00000018 
(at  2Q“C) 

e 

0.024 

20 

Chlordane* 

0.00001 
(at  20*C) 

<1-264 

0.08 

20 

Heptachlor* 

0.0003 
(at  20*C) 

e 

0.04 

20 

Lindaneb 

0.14 

(at  40®C) 

e 

0.064 

10 

Pentachlorophenolb 

0.00017 
(at  20’C) 

e 

0.4 

3 

Chlorpyrifosc 

0.0000187 
(at  25’C) 

e 

0.08 

4-10 

aChlorinated  cyclodiene. 
bChlorinated  hydrocarbon. 
cOrganophosphate. 

^Estimated  amount  applied  for  subslab  injection  in  preexisting  structures. 
eNone  reported  in  the  literature. 
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Dietary 

No.  Animals 

No.  Animals 

Pesticide 

Concentration, 

PP» 

with  Tumors 

Examined 

Aldrin 

0 

17 

92 

4 

16 

49 

a 

25 

46 

Chlordaae 

0 

17 

92 

30 

16 

48 

56 

43 

49 

Dieldrin 

0 

17 

92 

2.5 

12 

50 

5.0 

16 

45 

Heptacblor 

0 

17 

92 

6 

11 

46 

14 

34 

47 

Lindane 

0 

5 

49 

80 

19 

49 

160 

9 

46 

•Data  from  MCI,  1977a, b,c;  1978a. 
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Table  6.  Estimates  of  EDtp  for  Hepatocellular  Carcinoma 
in  Male  B6C3P1  Mice  After  Pesticide  Feeding 


Pesticide 

EDio, 

PP* 

95  Percent  Confidence 
Limits 

Aldrin 

3.1 

1.5-6. 5 

Chlordane 

16 

14-20 

Oieldrin 

3.6 

2. 0-6. 6 

Heptachlor 

5.0 

4. 1-6.2 

Lindane 

103 

47-225 
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Pesticide 


Upper  95  Percent  Confidence  Eatimate  of 
Lifetime  Cancer  Risk  per  Microgram  per  Liter 


Oieldrin 

260  x 

10-6 

Heptachlor 

42  x 

10-6 

Chlordane 

18  x 

10-6 

Lindane 

9.3  x 

10-6 

*Data  from  NRC,  1977b 
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